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0 EXECUTIVE SUMMARY .
Co The U. S. Army has an interest in the potentfal inhalation toxicity of a

N yellow dye (SY) and 3 yellow/green dye mixture (SY/SG) used in colored smoke
i munitions. The chemical name of the major component of the yellow dye is

N 5' 2-(2'quinolinyi)~1,3-indandione (QI) (C.I. Solvent Yellow 33, C.1. 47000) and
Yo the major component of the green dye is 1,4-di-p-toluidinoanthraquinone (TA)
(C.I. Solvent Green 3, C.I. 61565). SY contains only QI, while the SY/SG dye
mixture contains 30 percent QI and 70 percent TA. To test the inhalation
toxicity of these materials, exposure atmospheres of SY or SY/SG were

Lo generated in a respirable particle size range and used for inhalation
exposures of F344 rats at three concentrations for 6 hr/day, 5 days/week for a
period of 90 days. The purpose of these studies was to find a
no-observable-adverse-effect level for each dye material. Animals were
observed for signs of toxicity at the end of each exposure and after a 30-day

post-exposure recovery period. for these studies, the biological indicators

.
~
"
b,

of toxicity were gross clinical observations, changes in body weight gain,
respiratory function measurements, biochemical and cellular analyses of
bronchoalveolar lavage fluid, lung tissue enzyme and connective tissue
biochemistry, blood and serum chemistries, and histopathology of selected
tissues. This report descrites the results of these investigations.

In the 90-day inhalation exposure to SY dye, rats were exposed to
aerosols of SY dye at average concentratfons of 1.0 ¢+ 0.2, 10.8 + 1.8 or 100 ¢

3 (i + SD). The average particle size of these aerosols ranged from

17 mg/m
2.1 to 4.0 ym (mass median aerodynamic diameter) with the higher exposure

S concentrations having the larger particle size. The geometric standard
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deviation (og) of all dye aerosols was approximately 2.0. After

exposures, it was found that very 1ittle SY dye (QI) was retained 1h the
lungs, indicating the SY dye was rapidly cleared. Exposure-related
histopathological lestions consisted of the accumulation of foamy alveolar
macrophages in lungs of rats exposed to the highest concentration of SY dye.
Pigments, probably metabolites of quinoline dye, were present in the nasal
cavity, liver and kidneys. Lesser deposits of pigments were seen in the
medium exposure concentration group. No reaction was seen to these deposits

and they were not considered an adverse effect. The body weights of the

animals exposed to the highest concentration averaged 4 percent less than

controls (p < 0.05) at the end of the exposure, but returned to control :ﬁ
values after the 30-day recovery period. Except for these differences, no X
7
tm

other toxicologically significant effects were seen.
Rats were exposed to aerosols of SY/SG dye mixture having average ii

concentraticns of 1.1 ¢ 0.5, 10.2 + 3.1 or 101 + 23 mg/m>

(X ¢ SD).

The average particle size of these aerosols ranged from 2.8 to 4.2 wm (mass
median aerodynamic diameter) with a ag of approximately 2.0. As with the m
studies on SY dye exposures, it was found that the QI component of the SY/SG

dye mixture cleared from lungs at a very rapid rate. However, the SG portion
of the SY/SG dye mixture was retained in lungs for a much longer time. Rats

exposed to the highest concentration of SY/SG dye mixture had a significantly -
lower body weight after the 90-day exposures than controls, approximately 1

percent less. Analysis of bronchoalveolar lavage fluid showed an influx of -

neutrophils and increased enzyme activities, Indicating that a mild pulmonary

infiammatory response occurred in high level SY/SG exposed rats.

Exposure-related histopathological lesions consisted of minimal to slight Type ii
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Il pulmonary epithelial cell hyperplasia and proliferation of foamy alveolar
macrophages and lymphoid hyperplasia in the tracheobronchial lymph nodes of
rats exposed to the highest concentration of SY/SG dye. This mild response
was also seen in some of the medium dose animals, but no lesions were observed
in the low dose animals. No other adverse effects were observed.

Pigments, probably metabolites of quinoline dye, were found in the nasal
cavity, liver and kidneys of the high and medium exposure groups. This
pigment deposition was not considered an adverse effect.

In summary, minimal histopathological lesions were observed in rats
exposed to up to 100 mg/m3 of SY dye for 65 days over a 90-dav period. In
rats exposed to the SY/SG dye mixture, an exposure concentration of 10 mg/rn3
was sufficient to induce some histopathological lesions in the lung. Thus,
the no-observable- adverse effects level of SY was 10 mg/m3. and for SY/SG
it was ) mg/m3 under the above exposure conditions. It is apparent that the
SY/SG dye mixture was more toxic to the lung than is the SY dye. This s ax

Jeast partially due to the longer retention time in the lung for the SG

portion of the dye mixture as compared to the SY.
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PREFACE

The authors acknowledge the outstanding contributions of all members of
the Inhalation Toxicology Research Institute, without whose help these studies
could not have been completed. Histopathological examination of tissues was
performed at Experimental Pathology Laboratories, Inc., Herndon, Virginia, by
Or. Deborah Banas, Diplomate ACYP. In conducting the research described in
this report, the investigators adhered to the "Guide for the Care and Users of
Laboratory Animals,® prepared by the Committee on the Care and Use of
Laboratory Animals of the Institute of Laboratory Animal Resources, National
tesearch Council (OHEW Publication No. (NIH) 80-23, Revised 1980). This

research was conducted in facilities fully accredited by the American

. Association for the Accreditation of Laboratory Animal Care. This research

was conducted in accordance with the Good Laboratory Practice Regulations for
Nonclinical Laboratory Studies (FDA, 1978). These studies were inspected by
the ITRI Quality Assurance Unit, and the results in the final report were
audited for completeness and accuracy of reporting to the raw data. This
final report is in accordance to the experimental methods described in study
protocols and standard operating procedures. This research was supported by
the U. S. Army Medical Research and Development Command under a Memorandum of
Understanding Agreement No. AT(29-2)-2138/3807 with the Lovelace Inhalation

Toxicology Research Institute, which is operated for the U. S. Department of

Energy under DOL Contract No. DE-ACO4-76EV01013.
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INTROQUCTION

The U. £. Army needs to obtain information on the inhalation toxicity of
the dyes present in colored smoke munitions. The major concern is for the
heaith of munition sroduction workers who could be exposed to fine dusts
containing the dyes dJuring production of the smoke munition. In the project,
*Studies on the Inhalation Toxicity of Dyes Present in Colored Smoke Munitions
(Project Order No. 83PP3B07)," the Lovelace Inhalation Toxicology Research
Institute (ITRI) studied the inhalation toxicity of two dye materfals: a
vellow dye (SY) and and yellow/green dye mix (SY/SG). The chemical name of the
yellow dye 1s 2-(2'-quinolinyl)-1,3-indandio~z (QI). Various synonyms used
for the dye include C.I. solvent yellow 33, C.I. 47000 and D & C yellow No.
11. The green dye ¥s 1,4-di-p-to'uidinanthraquinone (TA) and 1s also called
C.1. solvent green 3, C.I. 1565 and D & C Green No. 6. The yellow/green dye
mix contains approximately 30 percent yellow dye and 70 percent green dye.

The smoke munitions contain 42 percent by mass of the dyes. The balance of
the munition's mass s composed of potassium chlorate, magnesium carbonate and
sucrose.

The work was conducted in four phases. Phase I included standardization
of methods for generation of aerosols of the test materials and the
physical/chemical characterization of the aerosols. Phase 1l consisted of
range-finding experiments to determine acute toxic effects from exposure to
high concentrations of the dyes and to select exposure concentrations for the
next two phases of the study. In Phase 111, four-week exposures of animals to
varying concentrations of the dyes were used to determine the lowest exposure

concentration that will produce pathological changes. Phase IV was a 90-day

n
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subchronfc study to determine a no-observable-adverse effects level (NOAEL) of
exposure.
This is a final report of the work completed in Phase IV of these

studies.
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90-DAY_INHALATION EXPOSURE TO SY DYE

Nominal exposure concentrations selected for this study were 0, 1, 10,
and 100 mg/m3 given for 6 hours/day, 5 days/week, for a period of 90 days.
These concentrations were salected on the basis of the results from the 4-week
exposures to SY dye (Phase III).l The highest leve) was selected as a
concentration expected to produce minimal toxic responses. The lowest level
was selected as the lowest concentration that could be consistently
maintained. The middle level was selected as a concentration that differs by
a factor of 10 from the low and high levels. v

Statistical Analyses

wWhere possible, computer software packages such as BMDP, RS1 or Path/Tox
were used for data handling and analysis. Standard tests applied to the
experimental data were one-way analyses of varfance followed by tests for the
equality of means, such as simple t-tests or multiple comparison t-tests.z
Usually a confidence level of 0.05 was used, although in some cases
significance was expressed in much smalier or much larger values.

Chemicals

SY was supplied by the U. S. Army Medical Bioengineering Research and
Development Laboratory (Fort Detrick, Frederick, MD). The purity of this dye
material (Ql) was 93 percent and was used without further purification.

Animals

Male and female Fischer-344 (F344/N) rats, 15-20 weeks of age were used
for this study. The rats were obtained from an existing colony at the

Inhalation Toxicology Research Institute. Oisease surveillance monitoring of

the rat breeding colony 1s conducted at quarterly intervals. Thirty weanling

13
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F344 rats (15 males, 15 females) are assigned to one of 23 available rat
housing rooms. Room assignments are made from a randomized list of anima)l
rooms. Of the thirty animals assigned to a room, 10 (5 of each sex) are
sacrificed for survejllance at 3 months of age, 10 at one year of age, and 10

at 2 years of age. This system results in 3 age groups and 3 animal rooms

RS eSS SR S CCERr

being surveyed every 3 months. The animals are anesthetized and blood is e
collected prior to sacrifice. The serum is diluted, heat-inactivated and :{
. submitted to Microbiological Associates (Bethesda, MD) for serologic testing -

for Sendal virus, rat corona-virus/Sialodacryodenitis virus (RCV/$6AV),

Reovirus type 3 (Reo 3), Thefler's encephalomyelitis virus (GD VII), Toolan's

. . 0 ..n .

b

H-1 virus (H-1), Kilham rat virus (KRV), Lymphocytic choriomeningitis (LCM) ]

ji and Mycoplasma pulmonis. Bacterial cultures are also performed on swabs or ,5
" ",
': tissue samples from the nasal cavity, lung, spleen, liver, kidney and cecum. N

Media have been selected to fdentify the major bacterial pathogens of

R KA
r

rodents. following collection of samples for bacterial culture, a complete

WS
DR R
\,\

>,

necropsy is performed. Tissues from al) major organs and any gross lesions -

-,
h

are collected and processed for histopathology. During the necrospy, the skin

;\1 ..

js examined grossly for signs of ectoparasites, skin scrapings are taken if

indicated, and a section of skin is processed for histopathology. Fecal ;?

materfia) and/or cecal contents are examined for internal parasites by fecal

floatation. "
At the age for experimental use, rats were moved to Hazleton 2000

exposure chambers for at least 3 weeks before exposures to acclimate them to

that environment and to ascertain their physical well being. Rats were

assigned to experimental groups by a randomization program on the Path/Tox

computer system (Xybion Medical Systems Corp., Cedar Knolls, NJ) according to ii
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body weight. Rats were uniquely identified using ear tags. Ouring these
studies all animals were given food (Wayne Lab Blox) and water ad libitum
except that food was withheld during ex,osure periods.

Inhalation exposure chambers were m>ini~ined at 75 ¢ 3°F and 35-70
percent relative humidity. This temperatu. above that normally found in
an animal room (72 ¢ 2°F) in order to compens- for body heat loss due to
chamber airflow. Chamber airflow rate, temperature, humidity, and pressure
relative to the room were monitored throughout this study. Temperature and
humidity measuring devices were calibrated and checked before initiation of
the study. At the time of sacrifice rats were euthanized by intraperitoneal
injections of T-61 euthanasia solution.

Animal Exposures

Aerosols of SY dye material were generated using a Jet-O-Mizer air jet
mill as previously descr1bed.3'4 Four Hazleton 2000 chambers (Hazleton
Systems, Inc., Aberdeen, MD) containing 6 tiers of animal cages (10-16 rats
per tier) were used for these whole-body inhalation exposure studies. For
these studies, 392 rats (196 males and 196 females) were entered into each
exposure chamber in four groups (1 control and 3 treated groups). Immediately
after the last day of exposures, a portion of the animals (132 males and 132
females) were taken for toxfcological evaluations, while the remaining animals
from each of the four exposure groups were held for 30 days to determine if
animals could recover from any exposure-related toxic responses.

The SY exposure concentration was determined gravimetrically from filter
samples taken daily from each exposure chamber. Particle size of the dye

material was measured using a Lovelace Multi-Jet cascade impactor. These

particie size measurements were taken each day during the first week of
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exposure and then at the intervals shown in Table 1. Concentration and size
characteristics of the exposure atmospheres for each exposure chamber for each
exposure day are shown in Table 1. The daily concentrations were 1.0 ¢ 0.2,
10.8 + 1.8 and 100 + 17 mg/m> (X + SD). The coefficient of varfation of
datly aerosol concentrations was between 17 and 20 percent.

Clinical Observations

Detailed clinical observations were performed on all animals before
exposures to ensure that they were in good health. Detailed clinical
observations were also done twice daily throughout the exposure péfiod and
during the 30-day recovery period. The animals were also observed twice daily
for morbidity and mortality. No clinical abnormalities were noticed and all
animals survived to sacrifice times.

Animal Body Weights

During the 90-day exposures, a subset of both male and female rats (n =
20 per sex) from each exposure chamber (including the control chamber) were
weighed on a weekly basis. This same subset of animals were held for the
30-day recovery time and also weighed at the end of this recovery period.
Body weights measured throughout the study are summarized in Table 2. Before
exposures, animal weights did not differ among the different exnosure groups.
However, after exposures rats exposed to the highest level of SY dye (100
mg/m3) gained weight at a slightly slower rate than controls. At the end of
exposures, these high level exposed rats weighed approximately 4 percent less
than the control animals (for the null hypothesis P < 0.05 in Dunnett's
multiple comparisons procedure). During the 30-day post-exposure recovery
period, the weights of male rats exposed to the highest level of SY dye

returned to contro) male animal weight values, whereas the body weights of
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Table 1

SY Aeroso) Concentratiorn and Size Characteristics for the

¢4

90-Day Inhalation Study

g’
\'f
LOW MEDIUM HIGH
& Conc mmap? - Concé MMAD Conc. MMAD
. s
S.'E _/ pm) 29_ (mg/m)  (wm) 5 (mg/m”) (wm) :g_
fay 1 1.7 2.3 2.0 14.5 2.5 1.9 76 3.5 1.9
2 0.7 2.2 2.0 1.4 2.1 2.0 52 38 1.8
3 0.8 2.2 2.0 10.1 2.9 2.0 100 - 4.4 2.0
3 1.0 2.2 2.0 10.2 2.8 2.0 107 4.4 2.
5 1 21 2.0 10.8 2.6 2.0 12 4.4 1.9
_ 6 1 8.6 126
. 7 1.0 2.3 2.4 131 2.6 2.0 89 4.1 1.9
- 8 1.1 1.7 98
9 1.3 10.7 ns
. 10 .9 10.9 87
n 11 2.1 1.9 12.1 2.8 1.9 102 3.3 1.8
12 11 1.4 85
. 13 0.9 12.2 95
3 14 0.6 12.4 104
15 1.3 16.6 151
16 0.6 2.0 1.9 13.8 2.8 1.9 86 4.0 1.8
‘ 17 0.9 13.2 108
. 18 1.0 16.3 133
19 1.1 9.8 108
. 20 0.1 10.4 18
21 1. 10.2 64
22 11 20 1.9 10.1 2.9 2.0 98 4.3 1.9
23 1 1.0 122
24 0.9 9.4 90
25 1.2 8.9 97
26 0.9 8.1 95
. 27 0.9 2.1 1.8 12.0 2.9 2.0 N5 4.5 1.9
28 0.8 12.0 86
29 1.1 13.5 91
30 1. 9.4 100
31 1.3 12.1 103
= 32 1.5 12.4 100
33 1.0 2.0 2.0 10.9 2.8 2.0 95 4.4 2.0
34 R 8.9 96
: 35 1.4 9.0 N3
36 1.0 9.6 94
. 37 1.1 10.7 96
G 38 1.0 2.0 1.9 9.8 2.5 2.0 18 3.7 2.2
39 0.9 9.9 78
1
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TYable 1 (Continued)

LOW MED UM HIGH
Concé HHADa 5 Conc. MMAD Ct'mc:.i MMAD
3
(mg/m") (um) g (mg/m)  (wm) % (mg/m-) (ym)
Day 40 1.2 10.7 94
41 1.3 10.3 103
42 1.3 11.5 n
43 0.9 2.0 2.1 9.6 3.2 2.0 66 3.7
44 1.1 12.8 120
45 1.2 10.8 109
46 0.9 10.0 96.
47 0.9 10.8 97
48 0.9 2.1 1.9 10.5 3.1 1.9 90 3.9
49 1.1 10.3 98
50 0.8 9.6 99
51 1.3 9.8 100
52 1.2 10.8 105
53 1.2 12.2 3.6 2.0 13 3.6
54 1.0 2.1 2.2 12.5 135
55 0.9 8.1 103
56 0.8 10.4 17
57 0.9 9.4 96
58 1. 2.3 2.2 9.8 2.8 2. 112 4.2
59 1.0 8.7 129
60 1.1 10.5 15
61 0.9 10.3 100
62 0.9 2.1 2.1 10.8 3.1 2.1 82 3.4
63 0.9 1.2 98
64 0.9 8.5 105
65 1.0 9.7 122
X 1.0 2.1 2.0 10.8 2.9 2.0 100 4.9 2.
SO +0.2 +0. +0.1 + 1.8 +0.3  +0.1 + 17 +0.4  +0.

Dafly chamber concentrations were determined by the mean of 3 two-hour
samples taken during the day.

AMMAD = mass median aerodynamic diameter
og = geometric standard deviation
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female rats exposed to the highest level of SY dye remained significantly
lower than control female body wefights.

Lung Content of QI After Exposure to SY Dye

On the day after the last exposure day, lungs from six rats (three male

and three female) from each chamber (low, medium and high concentration) were
analyzied for QI content. Animals were sacrificed and lungs removed, with care
to avoid contamination with yellow dye on the pelt. £ach lung was homogenized
in 1.5 mL of acetonitrile and centrifuged, and the supernatant was removed.
The pellet was resuspended in 2 mL acetonitrile, centrifuged, and'ihe
supernatant removed. This procedure was repeated three more times.
Preliminary experiments in which excised control lung lobes were directly
injected with a syringe with a known amount of SY dye dissolved in
acetonitrile prior to homogenization showed that this extraction procedure
removed 94 percent of the QI. The combined supernatants were diluted to 10 ml
and analyzed for QI by HPLC using the following conditions:

-~ reverse phase column (Alltech C-18, 10u; 25 cm x 4.6 mm)

-- 9:1 acetonitrile:water mobile phase (1 mL/min)

-- UV detection at 435 nm
The results, shown in Table 3, demonstrate that very little QI was retained in
the lung. Thus, the majority of the QI deposited in lungs during exposures
was cleared at a rapid rate. Assuming 10 percent pulmonary deposition of
inhaled SY dye aeroso]5 and a minute volume of 200 mL/min, 720 ug of SY
dve/day should have been deposited in animals exposed to the high
concentration. Of the amount calculated to be deposited during only the last
day of exposure, only ~ 0.2 percent remained 16 hours after exposure. This

finding is similar to the results found in the four-week exposure of rats to

SY dye aerosols (Phase I1I).
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o Table 3
. Lung Burden of QI After a 90-Day Exposure to SY Dye
jf_: Aerosol Lung Burden
* Concentration Mean + SE (n = 3)
. (ma/n’) (xa/1ung)
Male 1 0.050 + 0.030
10 0.20 + 0.10
100 1.3+ 0.3
Female ] 0.025 + 0.007
& 10 0.10 + 0.04
! v 100 1.3 +0.2
' =
X
n oL
. 3|
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Respiratory Function

The respiratory function of 8 male rats and 8 female rats at each
exposure level (control, low, medium and high) was measured before exposures
began, at the end of the 90-day exposures and at 30 days after the end of
exposures, using methods previously published.6 Each rat was anesthetized
with halothane in air, intubated with orotracheal and esophageal catheters and
placed prone in a plethysmograph. Breathing patterns and dynamic lung
mechanics were measured during spontaneous breathing. Prior to each
subsequent test procedure, the rat was hyperinflated manually to 420 cm HZO
transpulmonary pressure to stimulate pulmonary stretch receptors, and the
various inflation-deflation cycles were performed during the ensuing periods
of apnea. The rat resumed spontaneous respiration between each procedure and
its anesthetic depth and breathing pattern were stabilized. Measurements
included a1l physiologic subdivisions of lung volume, quasistatic (sliow)
pressure-volume relationships, carbon monoxide (C0O) diffusing capacity, forced
exhalation and single-breath N2 washout. Thirty-seven variables were
measured or calculated for each rat, providing information on various aspects
of lung respiratory function: ventilation, lung mechanics, gas distribution
and gas exchange.

A1) data were summarized by measurement period and exposure group. The
group data were compared at each measurement time using analysis of variance
(BMDP Statistica) Software, University of California, Los Angeles). Values
for each exposed group were compared to those of the controls by the Student's
t-test adjusted for multiple comparisons using the Bonferroni inequality. The
criterion for statistical significance was set at the 95 percent confidence

lTevel for all comparisons.
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The results are summarized in Tables 4 (pre-exposure), 5 (immediately
after exposure) and 6 (30 days after exposure). Mean values different from
control means at the 95 percent confidence level are indicated in the tables
with an asterisk. There were no significant differences among the groups
before exposure (Table 4). At the end of exposure (Table 5), the only
significant difference was a lower volume-normalized CO diffusing capacity in
the high Yevel group as compared to controls. A slightly lower diffusing
capacity and slightly higher alveolar volume (measured by gas dilution during
the diffusing capacity test) combined to produce the significant difference.
At 30 days after the end of exposure (Table 6), the only significant
difference was a3 lower volume-normalized forced expiratory flowrate at 10% of
forced vital capacity (i.e., flow rate at low lung volume). As with diffusing
capacity, this resulted from nonsignificant differences in the two variables
used to calculate the parameter.

These results indicate very little effect of the 90-day SY dye exposure
on respiratory function. Values for single parameters differed significantly
between controls and high-level exposed rats after exposure and 30 days
later. However, these differences did not comprise a recognizable pattern of
physfological change, nor were they supported by trends in related
parameters. Thus, in the absence of supportive significant differences or
consistent trends, the high exposure level can be considered to have caused no

decrement in respir:tory function.
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From the results of the 4-week exposure of rats to SY (Phase III),‘ we
suggested 1t was important to look for indications of emphysematouc changes in
rats exposed to SY for a longer time. In the 90-day exposed rats there was no
indication of any development of emphysematous lesions.

Lung Biochemistry

Lung damage was assessed by the analysis of bronchoalveolar lavage (BAL)
fluid. Previous studies have shown this to be a useful method to detect an
inflammatory response in lungs fo1low1ng inhalation of toxic mater1a15.7

Analysis of BAL fluid was done after 6 weeks as well as after 13 weeks
of exposure and at the 17 week time point (30 days after end of exposure).
Parameters measured in BAL fluid included total and differential cell counts,
lactate dehydrogenase, B-glucuronidase, acid phosphatase and total protein.
There was no indication of any inflammatory response in the lung at any time
point (Table 7). There was a slight decrease in the number of macrophages
recovered from some of the exposed animals. However, the significance of this
1s unknown since there was no concomitant increase in lysosomal enzymes or in
Jactate dehydrogenase to indicate that macrophages had been lysed.

Statistical analysis of these data was by analysis of varfance followed by
Bonferroni pairwise comparisons of means.

Lung tissue and lavage fluid proteinolytic activity were also measured
in control rats and rats exposed to SY dye aerosols. The data were compared
statistically using the Student's t-test corrected for 3 comparisons. Results
showed no differences in these activities between control and exposed rats
after the 90-day exposures (Table 8) or after the 30-day recovery period
(Table 9).
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Table 8

Lung and Lavage Fluid Proteinolytic Activity in

Rats Exposed to SY Dye for 90 Days

Lung Tissue:

Total Acid Proteinase
Cathepsin b
Cathepsin B¢

Total Neutral Proteinase
Macrophage
Elastased

Cathepsin G+ Neutrophil
Elastase®

Ltavage Fluid:

Total Acid ' -oteinase
Cathepsin 0
Cathepsin 8

mg _protein released/hr/q lungd

Control Low Med tum High
10.3 +1.0 9.9 +1.3 10.3 +1.0 10.9 +1.0
8.1 +0.8 8.4 + 0.8 8.0 +0.9 8.5 + 0.6
2.2 £+ 0.5 1.6 + 0.6 2.3 +0.2 2.4 + 0.6
1.9 + 0.6 1.4 + 0.2 1.2 £+ 0.1~ 1.2 + 0.1
0.9 + 0.6 0.4 + 0.1 0.3 +0.1 0.3 +0.0
1.0 £+ 01 1.0+ 0 1.0 + 0.1 0.9 + 0.1
3.5 +£ 0.6 4.3 + 0.5 4.0 + 0.3 4.3 + 0.5
2.1 + 0.4 3.0 + 0.4 2.9 +0.8 2.7 £ 0.5
1.4 +0.5 1.5 + 0.4 1.1 £+ 0.8 1.6 + 0.4

3Mean + SE (N = 5-6). No differences were seen when the data were compared

using the Student's t-test corrected for 3 comparisons.

were noted in lung weights among the different exposure groups.
Dnot innibited by leupeptin

Cinhibited by leupeptin

dinhibited by 1,10 phenanthroline
®not inhibited by 1,10 phenanthroline

29
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Table 9
Lung and Lavage Fluid Proteinolytic Activity in Rats Exposed
to SY Dye for 90 Days and Allowed to Recover for 30 Days

mg protein_released/hr/g lung?

Lung Tissue: control Low Med fum _ High
Total Acid Protefnase 9.6 + 0.5 10.5 + 1.1 9.8 +0.7 9.4 + 0.6 [
Cathepsin D¢ 8.1 + 0.6 8.4 +0.7 7.8 +£0.5 8.3+ 0.5 o
Cathepsin 8d 1.4 0.5 2.1%0.5 2.0+ 0.4 1.1 0.8
. [\
Total Neutral Proteinase 0.3 + 0.) 0.3 +0. 0.2 +0. 0.3 +0. .
Macrophage -
lastase® 0.1 +0.) 0.2+0.1 Nob 0.2 +0.
Cathepsin G+ Neutrophil 2
Elastase 0.2 +0.) 0.1 + 0.1 0.5 +0.2 0.1 + 0 -
Lavage Fluid: -
Total Acid Proteinase 2.8 +0.2 2.8 +0.3 2.6 + 0.1 2.2+ 0. =
Cathepsin D 1.0 + 0.2 1.0 £ 0.2 1.3+ 0.5 0.5%0.)
Cathepsin B 1.8 +0.3 1.9 +0.3 1.4 + 0.6 1.6 + 0.2 !
dMean + SE (N = 5-6). No differences were seen when the data were compared
using the Student's t-test corrected for 3 comparisons. Also, no differences
were noted in lung weights among the different exposure groups. n
DND = none detected. s
Chot inhibited by leupeptin )
diphibited by leupeptin
€inhibited by 1,10 phenanthroline -
fnhot inhibited by 1,10 phenanthroline -
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Lung Connective Tissue Biochemistry

Total lung collagen and airway fluid hydroxyproline cortent were
measured in both control and SY dye exposed rats. Results showed no
differences between control and exposed animals for these parameters after the
90-day exposure period (Table 10) or after the 30-day post-exposure recovery
time (Table 11). Results were compared statistically using the Student's
t-test corrected for 3 comparisons.

Hematology and Serum Clinica) Chemistries

Hematology and serum clinical chemistry determinations were done on rats
exposed to SY over a 90-day period and on serum frcm exposed rats that were
allowed to recover for 30 days. The parameters measured in these
determinations are listed on Table 12. No hematologic parameters were
affected by exposure to yellow dye. However, marginal reductions in serum
alkaline phosphatase and serum glutamic pyruvic transaminase (SGPT) activities
in serum were seen after 90 days of exposure to the highest concentration of
SY dye (Table 13). These changes returned to normal after the 30-day recovery

period (Table 14). Total bilirubin and cholesterol concentrations in serum

]
- were increased after 90 days of exposure to the highest level of yellow dye.
The serum enzyme changes, along with increased bilirubin and cholesterol,
i suggest minimal hepatic dysfunction which was no longer present 30 days
:? post-exposure. No other exposure levels were affected, and this increase was
no longer present 2fter the 30-day recovery period. Thyroxine was not
7 significantly affected by exposure to yellow dye (Tables 13 and 14).
. Histopathology
: Ten males and ten females from each exposure group and time were
i} sacrificed by ‘ntraperitoneal injections of 761 and examined for gross
= 31
A
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Table 10

Lavage Fluid and Lung Tissue Collagen for Rats Exposed

to SY Dye for 90 Days

)
P el

Lavage Fluid Collagen Total Lung Collagen

(ng/g)* (mg/g)* E
Control 31 + 4 18 +1
Low 38 + 5 19 + 2 g
Med fum 35+ 5 6 +1 o
High 38 + 8 15 + 1 5;

>>

*Normalized to grams of lung weight (mean + SE; n = 5-6). No
differences were seen when the data were compared using Student's
t-test corrected for 3 comparisons. Also, no differences were
noted in lung weights among the different exposure groups.
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Table N

Lavage Fluid and Lung Tissue Collagen for Rats Exposed

to SY Dye for 90 Days Followed by 30 Days of Recovery

Lavage Fluid Collagen Total Lung Collagen

(ug/9)* (mg/q)*
Control 3 + 3 15 + 1
Low 30 + 4 17 +1
Medium 38 + 4 16 £1 .
High 35+5 15 ¢+

*Normalized to grams of control

lung weight (mean + SE; n = 6).

No differences were seen when the data were compared using the

Student's t-test corrected for
differences were noted in lung
exposyre groups.

............................
. e

3 comparisons. Also, no
weights among the different

-
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Table 12

Hematology and Serum Clinical Chemistry Measurements on Rats

Exposed by Inhalation to SY or SY/SG Oye Aerosols for S0 Days

Erythrocyte indices (mean cellular volume, mean cellular hemoglobin,

Hematology:
1) Hematocrit
2) Hemoglobin concentration
3) Erythrocyte count
4q)
mean cellular hemoglobin concentration)
5) ieukocyte count, total
6) Leukocyte count, differential

Serum Chemistry:

1)
2)
3)
4)
5)
6)
1)
8)
9)
10)
1)
12)
13)
14)
15)

Total protein and albumin

Serum zamma-glutamyl transpeptidase*
Serum glutamic pyruvic transaminase
Serum alkaline phosphatase
Bilirubin (total)

Blood urea nitrogen

Creatinine

Calcium

Phosphorus

Sodium

Potassium

Chloride

Glucose

Cholesterol

Thyroxine (TQ)

[P IR SR PR A U P P A RS- A TEUR O S T Vg iy

*No activity detected following the SY/SG exposures.
after the SY exposures.

34
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Biochemistry:

Alkaline
Phosphatase
(Iu/L)

SGPT
(IU/L)

Total bilirubin
(mg/dL)

Thyroxine
(ug/dL)

Glucose
(mg/dL)

Cholesterol
(mg/dL)

BUN
(mg/dL)

Creatinine
{mg/dL)

Inorganic
Phosphorous
(mg/dL)

Calcium
(mg/dL)

Total Protein
(g/dL)

Albumin
(g/dtL)

Table 13
Clinical Pathology Values of Rats

Exposed to SY pye for 90 Days

(X £ SE, n = 11-12)

Control Low Med fum High

12 + 6 67 + 1 63 + 5 57 + 4+
40 + 1 36 + 5 33 + 2% 32 +

0.29 + 0.03 0.30 + 0.05 0.35 + 0.04 0.38 + 0.03*
3.6 + 0.3 3.7 + 0.4 3.7 + 0.2 3.9 + 0.5
230 + 40 190 + 20 190 + 20 180 + 20

72 +13 18+ 16 85 + 18 113+ 13%
21 + 2 18 + 2 19 + 2 18 + 2

0.63 + 0.02 0.58+ 0.05 0.5+ 0.03 0.55+ 0.04

5.0 + 0.8 5.1 + 0.5 6.2 + 0.7 6.0 + 0.6
1.0 + 1.4 1.+ 1.2 10.4 + 0.4 10.9 + 0.7

6.3 + 0.4 6.3 + 0.4 6.3 + 0.2 6.5 + 0.3

4.1 + 0.3 4.2 + 0.2 4.4 + 0.2 4.5 + 0.3

*p < 0.05 1n Student-t statistic.

comparisons.
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Table 13 (continued) =
Clinical Pathology Values of Rats E
Exposed to SY Dye for 90 Days
(X £ SE, n = 11-12) g
Biochemistry: Control Low Medium High ]
Sodium (N
(meq/L) 148 + 2 149 + 1 149 + 2 149 + 2 .
~
Potassium e
(megq/L) 6.0 +1.0 5.6 + 0.3 5.5+ 0.4 5.6 + 0.4 )
Chloride -
(meq/L) N2 +2 112+ 112 + 2 MM +
Hematology: ;
RBC ..
(106/mm3) 7.1+ 0.4 7.1 + 0.3 7.1 + 0.4 6.9 + 0.5 ‘.
Hematocrit (%) 38 +1 38 +1 38 +2 36 +3
Hemoglobin i!
(g/dL) 13.8 + 0.4 13.7 + 0.4 13.8 + 0.5 13.4 + 0.4
Mean Corpuscular
Volume (pm ) 53 +1 53 + 2 54 + 2 53 +1
Mean Corpuscular ]
Hemoglobin
Concentration (%) 37 +1 37 ¢+ 36 +1 37 +2
wBeC
(103/nm3) 1.9 + 0.8 1.8 + 0.6 2.2+ 0.6 2.1 + 10
Neutrophils T
(103/mm3) 0.6 + 0.3 0.5 +0.2 0.6 + 0.2 0.6 + 0.2 :
Lymghoc tes N
(103/ 1.3 + 0.5 1.2+ 0.3 1.6 + 0.4 1.5 + 0.9 o
Eosinophils
(103/mm3) <0.1 <0.) <0.1 <01
Basophils .
(103/mm3) <01 <0.1 <0.1 <01 .

*P < 0.05 in Student-t statistic. Critical t-values were corrected for 3
comparisons.
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Table 13 (continued)
Clinical Pathology Values of Rats

Exposed to SY Ove for 90 Days

(X £ SE, n = 11-12)

Hematology: Control Low Medium_ High
Honucytes

(103/am3) <0.1 <0.1 <0.1 <0.1
Banded Neutrophils

(103/mm3) <0.1 <0.1 <0.1 <01
NRBC

(103/mm3) <01 <0.1 <0.1 <0.1

*P < 0.05 in Student-t statistic. Critical t-values were corrected for 3
comparisons.
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Biochemistry:

Alkaline
rtiosphatase
(1U/L)

SGPT
(Iu/L)

Total bilirubin
{mg/dL)

Thyroxine
(wg/dL)

Glucose
(mg/dL)

Cholesterol
(mg/dL)

BUN
(mg/dL)

Creatinine
{mg/dL)

Inorganic
Phosphorous

(mg/dL)

Calcium
{mg/dL)

Total Protein
(g/dL)

Albumin
(g/dL)

TATRTATATRTATAT AV TUTA (UWTATARTRTNTUAPR TS T2 TRATA A AT A AT R AR AN LEV SV

Table 14
Clinical Pathology Values of Rats Exposed to SY Dye

for 90 Days and Allowed to Recover for 30 Days*

(X ¢+ SE, n = 11-12)

Control Low Medium High
12 + 8 13 + 9 70 + 4 75 + 1
44 + 5 49 + 11 38 + 4 ',41 + 1
0.30 + 0.M 0.33 +# 0.08 0.32 + 0.12 0.40 + 0.09

240 + 50 250 + 50 250 + 40 250 +5
96 + 28 87 + 25 92 + 2] 98 + 2
26+ 1 26 ¢+ ) 26+ 1 25 +

0.8 + 0.2 0.8 + 0.2 0.7 + 0.2 0.7 ¢+
6.7 + 1.1 1.0 + 10 7.0 + 1.5 1.4 &+
12.0 + 0.4 2.1 + 0.4 12.3 + 0.7 12.0 +
7.9 + 0.2 8.1 + 0.7 7.9 + 0.2 1.9 +
5.0 + 0.2 5.1 &+ 0.7 5.0 + 0.3 5.2 +

*There were no significant differences between treated and control groups at
P <0.05 in Student-t statistic. Critica) t-values were corrected for

3 comparisons.
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Table 14 (continued)

Clinical Pathology Values of Rats Exposed to >Y Dye

for 90 Days and Aliowed to Recover for 30 Days*

(X £ SE, n = 11-12)

Biochemistry: Control Low Medium High

Sod fum

(meq/L) 147 + 2 148 + 3 148 + 4 144 + 9
Potassium

(meg/L) 6.0 +0.7 5.7 +0.4 5.5 +0.4 5.6 + 0.4
Chloride

(meg/L) 110 + 2 "M £ 2 M0+ 109 +3
Hematology:

R8C

(106/mm3) 7.4 + 0.4 1.7 + 0.4 7.7+ 0.4 1.7 £ 0.5
Hematocrit (%) 40 + 41 &) 491 £ 41 +3
Hemoglobin

(gzdL) 14.1 +£ 0.3 14.4 + 0.4 14.5 + 0.3 14.5 + 0.3
Mean Corpuscular

Volume (wm3) 53 +2 53 +2 54 +3 53 + 2
Mean Corpuscular

Hemoglobin

Concentration (%) 36 +1 3 + 35 +) 36 +1
WBC

(103/mm3) 2.4 +0.3 2.8 +0.) 3.1 +0.) 2.8 + 0.1
Neutrophils

(103 /mm3) 0.7 + 0.4 0.7 + 0.3 0.8 + 0.4 0.7 +0.4
Lymghoc tes

(10°/mm?) 1.7+ 0.6 2.0+ 0.4 2.3 +0.7 2.1 +£ 0.7
Eosinophils

(103/mm3) <0.1 <0.1 <0.1

*There were no significant differences between treated and control groups at

P < 0.05 in Student-t statistic.
3 comparisons.
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Table 14 (continued)
Clinfcal Pathology Values of Rats Exposed to SY Dye
for 90 Days and Allowed to Recover for 30 Qays*

(X £ SE, n = 11-12)

Hematology: Contro) Low Medium High
Basophils

(103/mm3) <0.1 <0.1 <0.1 <0.1
Monocytes

(103/mm3) <0.1 <0.1 <0.1 <01
Banded Neutrophils

(103/mm3) <0.1 0.1 <0.1 <0.1
NRB

(103 /mm3) <0.1 <0.1 <0.1 <0.1

*There were no significant differences between treated and control groups at

P < 0.05 in Student-t statistic.

3 comparisons.

.....................
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lesfons. Routine parafin embedded, 5 micron, hematoxylin and eosin stained
slides from the following tissues were prepared for all animals: skin,
tracheobronchial 1ymph node, popliteal lymph node, spleen, femur, larynx,
nasal cavity (four levels), trachea, lung (four lobes), heart, stomach,
duodenum, cecum, colon, 1iver, pancreas, kidneys, urinary bladder, epididymis,
testis, prostate, uterus, ovary, adrenal, thyroid, brain, pituitary, eyes, and
any gross lesfons. Microscopic evaluation was performed on all of the listed
tissues from the control and high dose groups. Tissues from the lower levels
were evaluated to determine a no-effect level for each tissue haviﬁg a
treatment-related effect. Histopathologic evaluation of tissues from animals
exposed to SY was done at Experimental Pathology Laboratorfies, Inc., Herndon,
VA, by Dr. Deborah Banas, Diplomate ACVP. The following is a summary of the
findings. The complete histopathology report for this 90-day SY exposure
study can be found in Appendix I.

Ninety-Day Exposure

Inhalation of SY dye at the high exposure concentration for 90 days
resulted in submucosal pigment deposition in the nasal cavity of al) rats.
The pigment deposition was heaviest at medium and high levels. In the
kidneys, an increase in granular pigment located in the cortical tubules was
noted in all high dose rats. In the male rats, there was also an increase in
the incidence of lesions characteristic of early chronic nephropathy, namely
foci of regenerative tubular epithelium, casts, and foci of mononuclear
cells. However, these lesions arc commonly noted in rats of this age and
strain and were only minimal to slight in severity. In the liver, minima) to
slight granules of pigment were noted in the bile duct eoithelium or

hepatocytes adjacent to the bile duct in all high dose rats. In the lung,

q1
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minimal focal accumulations of foamy appearing alveolar macrophages containing
a minimal amount of pigment were noted in the alveoli adjacent to the
respiratory bronchioles in one male. This lesion was accompanied by minimal
nyperplasia of Type II cells (granular pneumocytes).

In the rats exposed to SY at the medium exposure concentration, only
nasal cavity, lung, liver, and kidneys were examined. In the nasal cavity,
minima) submucosal pigment was noted at the medium level in three males and
two females, and at the high concentration in five males and seven females.
Pigment deposition in the kidneys was comparable to that of the controls. In
the liver, minimal granules of pigment were noted in two females. No lesions
attributable to treatment were noted in the sections of lung examined.

In the rats exposed to SY at the low exposure concentration, the nasal
cavities of both sexes were examined. The livers of females were also
examined. No compound-related histomorphologic alterations were noted in
either of these tissues.

Thirty Day Recovery

Inhalation of SY dye at the high exposure concentration for 90 days,
followed by a 30 day recovery period resulted in submucosal pigment deposition
in the nasal cavities of al) rats. This pigment deposition was heaviest at
the medium and high levels, and was slightly less severe than was noted at the
90-day sacrifice. Increased pigment was noted in the kidney tubules and
appeared to be less severe than that noted at the 90-day sacrifice. The
fncidence of early chronic nephropathy was comparable to that of the
controls. In the 1liver, pigment deposition in the bile duct epithelium was
comparable to that noted after the 90-day exposure. In the lungs, two males

had minimal focal accumylations of foamy appearing alveolar macrophages
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containing a minimal amount of pigment. These accumulations were accompanied

Lty minimal hyperplasia of Type II cells (granular pneumocytes).

3 - 7

In the rats exposed to SY dye at the medium exposure concentration for

tt}; 90 days followed by a 30-day recovery period, only nasal cavity, lung, Viver,

" and kidneys were examined. In the nasal cavity, minimal submucosal pigment

:{ was noted at the medium level) in two males and four females and at the high

ﬁj Tevel in six males and eight females. Slight submucosal pigment was noted at
the high level in an additfonal male. Pigment deposition in the kidneys was
comparable to the controls. No lesions attributable to treatment';ere noted

) in the lung or liver.

- In the rats exposed to SY dye at the low exposure concen‘ration, only

o the nasal cavity was examined. No compound-related histomorphological

= alterations were noted in these sections.

i The finding of pigments in the nasal cavity, kidney and liver was

examined in more detail at ITRI. Special stains (Prussian Blue for {iron,
N periodic acid Schiff (PAS) and Hall's stain for bile) were made on sections of
N kidney, 1iver and lung to differentiate administered dye material in the
: tissues from autogenous pigments found in normal rats. The pigments in the
control kidneys and some of the pigments in the exposed rats stained faintly
| with PAS indicating that they were probably a natura) phenomenon that has been
previously described. The major portion of the pigments in the exposed rats

S did not stain. It s hypothesized that the pigments in the nose, liver and

. kidney are metabolites of quinoline dye. Metabolism studies have shown that

» the dye is metabolized by the liver and excreted by the kidney. The pigment "

E fn the nasal cavity is gresent only under the olfactory epithelium, the
o 5
) L epithelium where mixed function oxidases are concentrated. No pigments were I‘
. Y
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: found in the tracheobronchial lymph nodes indicating that the dye was soluble
| enough to leave the lung before particle translocation to the lymph node took E
k place.
:: Spontaneous disease lesfons and incidental findings such as retinal @
\
I degeneration, focal acinar atrophy of the pancreas, nematodiasis and
: nonsuppurative myocarditis occurred in a few rats in both control and treated 2
. groups at both sacrifice intervals. These lesions were distributed with §
I approximately equal frequency in test and control rats, and thus were not
exposure related (see Appendix I). B N
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90-DAY INHALATION EXPOSURE TO SY/SG DYE

. Nominal exposure concentrations selected for this study were 0, 1, 10
and 100 mg/m3 given & hours/day, 5 days/week, for a period of 90 days.

EE These exposure concentrations were selected on the basis of the same criteria

" as the 90 day SY dye exposure previously mentioned.

- Statistical Analyses

vhere possible, computer software packages such as 8MDP, RS or Path/Tox
were used for data handling and analysis. Standard tests applied to the
o experimental data were one-way analyses of variance, followed by t;sts for the
equality of means, such as simple t-tests or multiple comparison t-tests2
i - for the equality of medians. Usually a confidence level of 0.05 was used,
although in some cases significance was expressed in much smaller or much
larger values.
i . Chemicals
SY/SG was supplied by the U. S. Army Medical Bioengineering Research and

Development Laboratory (Fort Detrick, Frederick, MD). The purity of this dye

) % material (QI and TA combined) was 95 percent and was used without further

. - purification. .
i ;1 Animals and Anima)l Exposures i
i ' Male and female Fischer-344 (F344/Crl) rats, 15-20 weeks of age with an i
; T age range of ¢+ 2 weeks, were used for this study. These animals were S
g R obtained from an existing colony raised at the Inhalation Toxicology Research 3
; = Institute in which the cdisease surveillance monitoring of the colony was as :
E previouslv described in this report. Rats were then acclimatized in exposure !
? chambers, randomized into experimental groups, and cared for as described

[3 previcusly in this report for the 90 day inhalation exposure study of SY dye.

45
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Animals were exposed tc 3 levels of SY/SG dye material generated by a

Jet-0-Mizer alr jet mill as previously descr%bed.a"

The arrangement and
entry groups of animals in the four Hazleton 2000 whole-body inhalation
chambers used for this study (3 exposure and 1 air control), and chamber
environment monitoring and maintenance were as previously described in this
report for the 90 day inhalation study of SY dye. Concentration and size
characteristics of the exposure atmospheres for each of the 63 exposure days
are shown in Table 15. The SY/SG aerosol concentration was determined
gravimetrically from filter samples taken daily from each exposure chamber.
Aerosol size of the dye material was measured with a Lovelace Multi-Jet
cascade impactor each day during the first week of exposure and at jntervals

as shown in Table 15 thereafter.

Clinjcal Observations

Detatled clinical observations were performed on all animals before
expocures to ensure that they were in good health. Oetailed clinical
observations were also done at 6 weeks after the initiation of exposures, at
the end of the 90 day exposures and after the 30 day recovery period. The
animals were also observed twice daily for morbidity and mortality. No
¢linica) abnormalities were noticed and all animals survived to sacrifice
times.

Animal Body Weights

During this 3-month exposure, subsets of both male and female rats (n =
20 per sex) from each exposure chamber (including the contro)l chamber) were
weighed on a weekly basis. A1) animals were weighed after the last day of
exposure. Those animals not sacrificed after the last day of exposure and
held for the 30-day recovery were weighed at the end of this recovery period.

B8ody weights measured throughout the study are summarized in Table 16. These
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LT Table 15
: ! SY/SG Aerosol Concentration and Size Characteristics for the
90-Day Inhalation Study
| » LowW MEDIUNM H]GH
Vo Conc. MMaD® Conc, KMAD Conc, MMAD
, 3 b
mg/m m
5 o (mg/m~) (um) % (mg/m~)  (wm) :L (mg/m") (wm) fﬂ._
v Day 2.0 3.1 1.9 16.4 2.9 1.8 125 50 2.9
| _ 2 1 31 2.3 0.2 2.9 1.9 85 4.8 2.1
Do 3 1.5 3.5 2.2 1.4 3.1 2.0 62- 4.3 2.0
LY 4 1.1 3.3 2.5 13.1 3.3 1.9 66 4.2 2.0
- 5 1.3 3.2 2.4 1.0 3.2 2.0 106 4.4 1.9
s 6 1.3 9.0 101
NS 7 0.7 2.0 1.9 12.5 13
i 8 1.3 14.) 3.3 2.0 86 4.1 1.9
N 9 0.8 6.0 72
N 10 1.1 12.0 107
I 1 1.7 9.8 97
- 12 1.9 10.0 61 3.9 2.8
o 13 1.7 9.9 3.0 1.8 78
i B 14 0.8 2.5 2.4 9.8 95
. 15 0.9 10.8 123
Lo 16 0.4 10.2 97
o 17 1.7 2.8 2.0 12.2 80
S 18 1.1 12.0 2.8 1.9 102
. 19 0.9 10.1 104 3.6 1.8
I 20 1.2 1.2 93
g 21 0.5 2.4 2.0 1.3 84
22 0.9 9.4 2.7 2.0 e6
- 23 0.6 9.4 96 4.0 1.9
- 24 0.8 10.0 55
25 1.2 13.2 8
. 26 1.7 3.2 2. 9.5 19 |
S 27 1.0 9.6 3.1 2.1 132 '
S 28 0.7 ).8 107 4.4 2.0 )
. 29 0.7 5.3 13 |
Co 30 1.0 9.9 142
b 3 1.0 2.7 2.1 14.0 123 !
] 32 0.8 12.8 3.1 1.8 105 |
o 33 1.0 15.3 98 4.2 1.9 ;
S 34 0.7 13.1 98 .
35 0.6 9.6 13 :
S 36 0.7 2.4 2.0 10.4 90 ‘
E . 37 0.9 12.5 3.0 1.9 98 .
& 38 0.7 10.2 101 3.8 1.8 (
¥ 39 1.1 1.3 132 :
- 40 1.0 9.4 M7
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Table 15 (Continued)

T B KB I S e

LOW MNEDIUM HIGH
Conc. HNADa Conc. MMAD Concé MMAD
3 b 3
(mg/m~) (um) % (mg/m~)  (um) 9 (mg/m~) (um) %
Day 41 0.3 2.4 2. 2.2 108
42 0.8 10.9 2.7 2.2 116
43 1.0 7.1 69 4.2 1.9
44 0.4 3.6 135
45 0.8 8.7 130
46 0.8 2.6 1.9 13.5 131 .
47 1.0 1.0 3.0 1.9 122 7
48 0.9 11.6 109 3.8 1.8 A
49 0.6 13.4 90
50 0.9 13.8 80 b
51 1.1 2.5 1.9 12.7 93 5:
52 1.4 1.1 3.0 2.0 121
53 1.4 .1 m
54 1.4 9.7 137 ;"-.
55 3.5 11.5 102 3.9 1.8 .
56 0.8 13.4 103 )
51 1.6 2.9 2.1 1.5 120 Pl
58 0.9 0.2 2.8 1.9 101 N
59 0.8 15.1 126 9.1 1.7
60 0.9 12.8 N3 -
61 0.6 2.7 1.8 9.5 80 e
62 1.1 3.4 2.1 1.9 100
63 1.1 1.8 100 4.3 1.8
nd
x¢ 1.1 2.8 2. 10.2 3.0 1.9 100 4.2 1.9
SO +0.5 +0.4 +0.2 +3.) +0.2 +0. 423 +0.4 0.2

Daily chamber concentrations were determined by the mean of 3 two-hour
samples taken during the day.

AMMAD = mass median aerodynamic diameter
bog = geometric standard deviation
CMean values from day } through day 63
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data show that rats exposed to the highest level of SY/SG dye gained weight at
a significantly slower rate than controls, with female rats showing a
difference in weight gain earlier than male rats. At the end of the 90-day
exposyres, high level exposed rats weighed approximately 7% less than control
animals. However, after the 30-day post-exposure recovery period, there were
no statistically significant differences in the weights of female rats among
the four groups, while those of male rats exposed to the highest level of
SY/SG dye remained significartly lower than male controt animal weights.

Lung Content of QI and TA After Exposure to SY/SG Dye

At the end of the 3-month exposure, six rats (3 males and 3 females)
from each chamber were sacrificed. Following each sacrifice, lungs were
removed, homogenized in acetonitrile, the homogenate centrifuged, and the
supernatant removed. The tissue pellet was then re-extracted with
acetonitrile until no more dye was removed. The pooled acetonitrile extracts
were analyzed for the major chemicals in the SY/SG dye mixture
[2-(2'-quinolinyl)-1,3-indandione (Ql) and 1,4-di-p-toluidinoanthraquinone

(TA)] by high pressure liquid chromatography. Conditions were:

reverse phase C._. column, 25 cm x 4.6 mm.

18
mcbile phase; 9:1 acetonitrile:water to 100% acetonitrile gradient

in 10 min, hold at 100% for 10 minutes

- flow rate, 1 mL/min

detection: UV at 435 and 620 nm

Data in Table 17 indicate that virtually no QI remained in the lungs of rats
sacrificed the day after the last day of exposure. However, in these same
animals, approximately 19% of the calculated amount of TA that would have

deposited in lungs during these exposures was found in lungs at every exposure

level (Table 18).
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Table 17
Leng Content of QI and TA After the 90-Day

Inhalation Exposure to SY/SG Dye Mixture

Aerosol Lung Concentration
Concentration {pg/q tung * SE)
(mg/m’) QL TA
Male
Control nd® < 0.15
1 nd 43 + 4
10 nd 480 + 20
100 nd 3400 + 50
Female
Control nd < 0.18
] nd Y+ 2
10 nd 370 + 40
100 nd 2800 + 200

dnd=not detected at sensitivity of assay. Samples were
assayed by high performance liquid chromatography with the
sensitivity adjusted for the concentration of the TA. At
these sensitivities, the assay would have detected as low
as 0.1 ua QI/g lung in the low, 2.0 ug Ql/g lung in the

medium and 14 ug QI/g lung in the high level exposed lungs.
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Table 18
L.ung Burden of TA After a 90-Day
Exposure to SY/SG Dye Mixture

HEBS% v ¢ « EN o+ )

Sl L e, GRS ¢

| W

3 SN

SRS

A

BL. Tk

-,

2R O N T EE .

Calculated*
Aerosol Lung Burdens Amount
Concentration Mean + SE (n = 3) Deposited Percent
Lmsl/ma) (mg/Lung) Lun Retained
Male
1 0.06 + 0.003 0.32 19 + 1 '-;'.'
W
10 0.68 + 0.03 3.2 2) +1
100 5.70 + 0.08 31.8 18 + 4 $
Female .
5
] 0.04 + 0.000 0.249 17 #£1 b
10 0.41 + 0.05 2.4 17 +2 o,
100 3.86 + 0.34 23.8 16 +3 §
2
'
*Assuming 63 6-hr exposures, 200 mL minute vol for males and 150 miL for
females, 10% lung deposition, and 70 percent of SY/SG is TA. -
o
e
o
bW
-
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In addition, 8 other groups of 6 rats (3 malas and 3 females) were
sacrificed 3, 7, 14, 30, 60, 90, 160 and 230 days after the last day of
exposure and lungs were analyzed for SY/SG dye components. Again, virtually
no QI was detected, but the quantity of TA found in lungs was significant at
each of these post-exposure sacrifice times (Table 19 and Figure 1). This
indicates that TA clears from lungs at a much slower rate than QI.

Respiratory Function

Respiratory function data from measurements of rats before exposures,
immediately after exposures and 30 days after exposure: to SY/SG &Qé were
analyzed by analysis of varfance and comparison of the mean of each (low,
medium and high) treated group to that of controls using the Student's t-test
and the Bonferroni adjustment for multiple comparisons. A probability level
of P < 0.05 was used as the criterion for statistical significance of all
comparisons. The results are summarized in Tables 20-22. Not all variables
measured are listed; data for body weight and the variables reflecting the
major facets of respiratory tunction are presented. There were 16 rats per
group before exposure and i4-16 at subsequent measurement times. The rats
measured after exposure were the same as those measured before.

There were no significant differences between pre-exposure data from

contro) or treated rats (Table 20). There were no physiologically meaningful

PN

difference; between respiratory function of treated and control rats at the

end of exposure (Table 21). As reported in Table 16, there was a dose-related
trend toward lower body weights for treated rats than for controls, and the
same trend was observed among the respiratory function groups. Since there
vere no significant differences among non-normalized function data between

treated and contro) rats, there was a tendency for the weight--normalized

- . A m W % v R A M a hTa. .
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Table 19

Lung Retentjon of TA at varfious Times After the 90-Day

Exposure to SY/SG Oye Mixture

Days After
_Exposyre

14

3¢
60
90
160
230

Means + SE (n = 3).
0-day values.

W TV TN Ve VTW W .t SRR CYS—W W %

Total Lung Content of TA 1n4mgf
Male female
7+ 0.7 (100) 3.9 +40.3 (100)
3+0.6(93) 3.6 + 0.4’(92)
5.8 + 0.8 (102) 3.9 + 0.2 (100)
6.1 + 0.5 (107) 3.6 + 0.2 (92)
5.9 + 0.2 (104) 3.3 + 0.4 (B5)
3.6 + 0.4 (63) 3.4 + 0.3 (87)
3.3 £ 0.5 (58) 2.8 + 0.4 (72)
3.9 + 0.5 (69) 2.6 + 0.1 (686)
3.6 + 0.5 (62) 2.1 + 0.1 (55)

Numbers

in parentheses are
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values to be higher in treated rats. This trend only reached statistical
significance for CO diffusing capacity/kg (not shown). There was little
evidence of impairment of respiratory function at 30 days after the end of
exposure (Table 22).

Only one statistically significant (P < 0.05) difference among the
group means was detected by analysis of variance. The CO diffusing capacity
normalized by alveolar volume was lower in the high level rats than in the
other groups. The diffusing capacity ftself was lower than that of controls,
but only at the P < 0.10 level. There were no trends toward group
differences in lung volume subdivisions. This maans that there might have
been a slight reduction in diffusing capacity (alveolar-capillary gas
exchange) in the high level rats, but it was a combination of slight changes
in opposite directions in two parameters that made the volume-normalized
diffusing capacity significantly different. There were no other indications
of function loss in exposed rats. Therefore, taken with the lack of function
differences seen immediately after exposure, this result does not suggest that
there was a physiologically significant effect of SY/SG dye exposure on
respiratory function in this 90-day exposure study.

Lung Biochemistry

Bronchoalveolar lavage fluid (BAL) was analyzed for indicators of injury
after 6 and 13 weeks of exposure and after 30 days of recovery from the
exposure. These results are summarized in Table 23. The data indicate an
inflammatory responce only in the lungs of rats exposed to the highest
concentration (100 mg/m3). The inflammatory response was present after 6
weeks of exposure and, based on BAL analysis, did not appear to worsen by 13

weeks. Analysis of BAL from rats one month after the end of the exposure
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indicated that the inflammation was stil) present in the rats exposed to the
high concentration of SY/SG (Table 23). This is not suprising, since the SG

portion of the dye had not cleared from the lung at this time (Table 18).
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§§ Lung tissue and lavage fluid proteinolytic activities were also measured
. in control rats and rats exposad to SY/SG dye aerosols. Acid proteinase
? Ci activity was higher at the highest dose level after 90 days exposure to green
E N dye (Table 24). This change was still present after 30 days recovery (Table

25). The increased activity was related to cathepsin D and probably

<. Y e

associated with modest inflammation. Neutral proteinase activity“iénded to be

fncreased at the same times, however, these data are extremely variable and

-~ Lung Connective Tissue Biochemistry

i i; thus significance, if any, cannot be defined.
3
[N
N

The collagen contents of bronchoalveolar fluid and of lung tissue were
i ii determined at the end of the 90-day exposure (Table 26) and after a 30-day
recovery period (Table 27). Total lung collagen was not affected by exposure
to SY/SG dye mixture., Lavage fluid collagen was increased after 90 days of

exposure to the highest two levels of SY/SG dye mixture, suggesting that there

7

> was an increased turnover of the extracellular collagenous matrix. However,
after 90 days of exposure and a 30-day recovery period, no differences were
noted in rats exposed to .he highest two levels of SY/SG dye mixture. The low

}; level of green dye exposure did nct affect rat lavage fluid collagen at any
time.

i; Hematology and Serum Clinical Chemistries

(. Hematology and clinical chemistry measurements were made on 12 contro)

rats and 12 rats at each concentration at the end of the 90-day exposure
l; (Table 28) and after a 30 day recovery perifod (Table 29). Results showed

s1light changes in inorganic phosphorous which were not dose related. Paralle)

.................................
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Table 24

Lung and Lavage Fluid Proteinolytic Activity in

Rats Exposed to SY/SG Dye for 90 Days

mg protein released/hr/q lung?®

Lung Tissue: Control Low _ Medium High
Total Acid Proteinase 13.0 +1.0 13.0 + 1.0 11.2 + 0.6 16.2 + 0.8d
Cathepsin 0d 8.1 + 0.5 8.9 + 0.7 7.8+ 0.5 10.7+0.40
Cathepsin B® 4.9 + 0.7 4.1 +1.0 3.4+ 0.5 5.4 + 0.8
Total Neutral Proteinase 1.3 £ 0. 1.7 £+ 0.1 0.8 + 0.7 1.5 + 0.1
Macrophage
Elastasef 0.4 + 0.1 0.5 + 0.1 0.1 +0.2 0.1 + 0.1
Cathepsin G & Neutrophil
Elastased 0.9 +0.) 1.1 £ 0. 0.8 + 0.1 1.3 + 010
Lavage Fluid:
Total Acid Proteinase 1.2 £ 0.5 1.2 +£ 0.4 1.2 £0.3 1.7+ 0.3
Cathepsin D 1.3 +£0.5 0.7 +0.2 1.1 +£0.3 1.4 + 0.2
Cathepsin B NDC 0.5+0.3 0.2 + 0.4 3+0.2

dMean + SE; (N = 8). No differences were noted in lung weights among the

different exposure groups.

Dp < 0.05 in Student-t statistic; corrected for 3 comparisons.

CND = none detected

dnot inhibited by leupeptin
€inhibited by leupeptin

finhibited by 1,10 phenanthroline
9not inhibited by 1,10 phenanthrcline
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Table 25
Lung and Lavage Fluld Proteinolytic Activity in Rats Exposed
to SY/SG Dye for 90 Days After the 30 Day Recovery Period

mg _protein released/hr/q lung?

Lung Tissue: Contro) Low Medium High
Total Acid Proteinase 8.3+0.7 9.54+0.7 9.5+ 0.5 12.1 + 0.8
Cathepsin DS 6.7+ 0.5 B8.04+0.6 8.9 +0.52 11.0+0.6°
Cathepsin 89 1.5%0.6 1.5%0.4 0.6 + 0.2 1.1 £0.4
Tota) Neutral Proteinase 0.6 + 0.1 1.0 + 0.19 1. 40197 1.2 +0.19
Macrcphage
£lastase® 0.2+0.1 0.4 4+0 0.5 + 0.10 0.4 + 0.1
Cathepsin G & Neutrophil
Elastasef 0.4 +0.1 0.7+0. 0.6 + 0.1 0.9 +0.1b
Lavage Fluid:
Total Acid Proteinase 1.4 + 0.8 1.7 +0.3 1.4 + 0.4 1.6 + 0.1
Cathepsin D 0.7+ 0 1.1 + 0.2 0.9 + 0.3 1.4 + 01
Cathepsin B 0.7 +£1.0 0.6 + 0.3 0.5 +0.4 0.4 +£0.2

IMean + St; (N = 8). No differences were noted in lTung weights among the
different exposure groups.

bp < 0.05 in Student-t statistic; corrected for 3 comparicons.

Cnot inhibited by leupeptin

diphibited by leupeptin

€inhibited by 1,10 phenanthroline

fnot inhibited by 1,10 phenanthroline

9within the range of historical controls (0.2-2.5 mg protein released/hr/g
lung)
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Table 26
Lavage Fluid and Lung Tissue Collagen for Rats

Exposed to SY/SG Oye for 90 Days

277 '"Et 55 B

(X + SE, n = 6-8)

]

Lavage

Fluid Total Lung -
Collagen Collagen o
(na/9)* (mg/q)* -
Control 30 + 4 20 + 2 e

Low 17+ 6 20 + 3
Ned ium a8 + 4** 16 + 3 i
High 57 + b** 17 + 2 .
<5
*Normalized to grams of lung weight. No differences w

were noted in lung weights among the different
exposure groups.

**p < 0.05 in Student-t test. Critica) t-values -
were corrected for 3 comparisons.
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Table 27
' Lavage Fluid and Lung Tissue Collagen for Rats

Exposed to SY/SG DOye for 90 Days and Allowed to Recover for 30 Days

(e e mgr gy T GRS P [P
l‘"

R (X + SE, n = 6-8)
ke
» h Lavage
v Fluid Total Lung
RE Collagen Collagen
[-!' - (”g/g)t (ﬂﬂ/gl*
A Control 33 +5 16 + 1
e
- Low 23 + 1 17 + 2
E A Med fum N5 17 42
L. High 43 + 5 16 + 2
R ...:
N *Normalized to grams of lung weight. No differences
were noted in lung weights among tine different
. exposure groups.
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Table 28
Clinical Pathology Values in Rats After 90 Day Exposure to SY/SG Oye

(X + SE; n =11-12)

Biochemistry: Control Low Medium High

Alkaline 88 +5 78
Phosphatase (IU/L)

(+
~N

n + 3 61

1+

SGPT 54  +8 54
(1u/L)

I+
(-}

44 40

1+
w
1+

Total Bilirubin 0.22 +0.02 0.24 0.02 0.30

(mg/dL)

Cholesterol 1A}
(mg/dL)

Thyrox ine 3.4 +0.3 3.9 + 0.2 4.0
(vg/dL)

Glucose 187
(mg/dL)

BUN 2
(mg/dL)

Creatinine 0.58 + 0.02 0.61
(mg/dL)

Inorganic 5.0 +0.3 5.5
Phosphorus

(mg/dL)

Calcium 10.4 +0.) 10.9
(mg/dL)

Total Protein 6.3
(g/dL)

0.02 0.23

|+
I+
I+

58 83

1+
-4
1+
o

1 123

i+
1+

0.6 3.3

1+
|1+

i+
>

220 13% 260 2 270

1+
1+
1+

I+
-
~

+
—

22 22

I+
—
|+

0.02 0.61

I+

0.02 0.63

|+
T~

0.2 6.5 0.6% 6.1

I+
I+
I+

0.1 11.0 0.1 11.9

1+
1+
1+

0.1 6.8 0.1+ 6.9

(e d
I+

0.2* 1.2

1+
t+

Albumin 4.0
(g/dL)

0.1 4.5 0.1+ 4.5 0.1* 4.8

1+
I+
I+
i+

Gamina Glutamy]
Transpept idease

(1u/L) No Sfignificant Activity Detected

*Value differs trom control at P < 0.05 4n Students' t-test. Critical
t-values were corrected for 3 comparisons.
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2%

0.04

23+

0.1

23>

0.02

0.4*

0.3

0.2*

0.~
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. 23
e Table 28 (continued)
I . Clinical Pathology Values in Rats After 90 Day Exposure to SY/SG Dye
. (X + SE; n = 11-12)
N
pow
' R Hematology: Contral Low Medium High
© Y Ree 7.8 + 0. 7.7 + 0.1 7.8 + 0.2 7.7 +0.2
: (106/mm3)
| Hematocrit (%) 42 4 a1+ 42 + 42 +1
) Hemoglobin 14.8 + 0.1 14.8 + 0.2 14.7 4 0.2  -14.8 + 0.)
(g/dL)
" Mean Corpuscular 54 +1 54 + 54 +1 54 +1
i G Volume (um )
Mean Corpuscular 35.0 + 0.4 36.0 + 0.3 35.0 £ 0.3 35.5 + 0.3
Hemoglobin
Concentration (%)
S wWee 6.2 + 0.5 5.4 + 0.4 4.5 + C.6 4.8 + 0.5
] B (03/md)
; Neutrophils 1.0+ 0.2 1.1 + 0.1 1.0 + 0.1 1.4 + 0.1
(103/mm3)
g Lymghoc tes 4.8 +0.3 4.3 +0.3 3.4 + 0.5 3.3+ 0.3
I & (1037
Eosinophils <0.1 <0.1 <0.1 <0.1
(10 /mm3 )
Basophils <0.1 <0.1 <0.1 <0.1
. (03/mmd)
- Monocytes <0.) <0.) <0.1 <0.1
F (103/mm3)
N W Banded Neutrophils <0.1 <0.1 <0.1 <0.1
] (103/mm3)
NRBC <0.1 <0.1 <0.1 <0.1
(103/mm3)

lf *Value differs from control at P < 0.05 in Students' t-test. Critical
t-values were corrected for 3 comparisons.
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Table 29
Clinical Pathology Values in Rats After 90 Day Exposure
to SY/SG Dye and Allowed to Recover for 30 Days

(X + SE; n = 12)

3 KBEE N O E

Biochemistry: Control Low Medium High

Alkaline 85
Phosphatase (Iu/L)

74

+
~

1+
w

4 +5 12

i+
o
;‘ EJ.J

SGPT 42
(Iu/sL)

47 39 33

i+
~
-+
w
I+
w
I+
~

AN
P

Total Bilirubin C.28 +
(mg/dL)

Cholesterol 14 n 70 15 )
(mg/dL) e
Thyroxine 1.77 + 0.0 1.77
(wg/dL)

Glucose 220
(mg/dL)

BUN 22
(mg/dL)

Creatinine 0.54 +
(mg/dL)

Inorganic 5.3
Phosphorus

(mg/dL)

Calcium 121
(mg/dL)

Total Protein 6.6
(g/dL)

+
o

.01 0.32

|+

0.02 0.30 + 0.03 0.26

i+
(=]

.02

[

I+
o
I+
~
|+
~
I+
~

I+

0.15 1.70+« 0.17 2.77 + 0.19

.

10 220 10 210

1+
I+
I+

20 230

1+
—
o

22 22 23

1+
-
I+
—
1+
—
1+

.02 0.59

+
o

0.02 0.58 0.0y 0.58 .02

{+

1+

I+
o

5.1 0.3 5.2 0.3 5.9

i+
(=]
w
|+
I+
V4
o
w

I+
o
w
-
——

.8 0.2 11.8 0.4 12.4

1+
I+

I+
o
~

I+
o
-

6.5 0.1 6.7 0.2 6.9

1+

I+

I+
[=]
—t

Albumin 4.3
(g/dL)

4.4

I+
=)
-
I+

0.1 4.4 + 0.1 4.5 + 0.

Gamma Glutamy) No Significant Activity Detected o
Transpeptidease |
(1u/L)
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Table 29 (continued)
Clirical Pathology Values in Rats After 90 Day Exposure
to SY/SG Dye and Allowed to Recover for 30 Days*

(X + SE; n =12)

Hematology. Contro)l Low Medium High

REC. 8.1 +0.2 8.0 + 0.2 8.3 + 0.1 8.3+ 0.3
(106/mm3)

I+

Hematocrit (%) 44 43 44 44

14+
—
1+
-
|+
p—
|+
P

Hemoglobin 15.0 0.2

(g/dL)

0.1 15.2 + 0.1 15.3 +£ 0.2 15.5

I+
1+
i+
i+

Mean cOrpugcular 54 54 53 53

Yolume (um”)

I+
—
)+
pa—
I+
p—
i+
-

Mean Corpuscular 3.6 + 0.3 35.4 34.17 35.8 + 1.0

Hemoglobin
Concentration (%)

I+
1+
o
~N
I+
o
~n

WBC 5.4
(103/mm3)

0.5

I+

0.6 4.9 4+ 0.4 3.7 +0.3 4.6

i+

Neutrophils 1.6
(103/mm3 )

0.3

I+

0.7 0.9 +0. 1.0 £0.2 1.3

i+

Lymghoc tes 4.1 + 0.3 3.9 +40.3 2.6 £ 0.2 3.3+£0.2
(10°/

Eos%nophils <0.1 <0.1 <01 <0.1
(103/mm3)

Basophils <0.1 <0.1 <0.1 <0.1
(103/mm3)

.
|
B
!
‘
Kl

Monocytes <0.1 <0.1 <0.1 <0.1
(103/mm3)

Banded Neutrophils <0.1 <0.1 <0.1 <0.1
(103/mm3)

NRSC <0.1 <0.1 <0.1 <0.1 :
(103/mm3) -

S s SEEER S

.-

+ e——

*There were no significant differences between treated and contro) groups at
P < 0.05.
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and slight changes in albumin and total protein appeared to be dose related.
Cholesterol was increased only at the highest dose. Glucose showed the
largest change of the parameters examined and this was a dose related
increase. The cause of these changes is unknown, but appears to have little
clinical significance 1n 1ight of the normal BUN, creatinire and SGPT levels
indicating normal kidney and VYiver function. Serum electrolytes (sodium,
potassium and chloride) were not analyzed because an insufficient volume of
serum was obtained.

No significant differences were seen in any of the measured ¢linical
chemistry endpoints between each group of dye exposed rats and control animals
30 days after the last day of exposure. Thus, the serum biochemistry changes
that were observed immediately following the 90-day exposures to SY/SG dye
(Table 28) were apparently reversible during this 30-day post-exposure
recovery period (Table 29).

Histopathology

Ten maies and ten females from each exposure and time were sacrificed by
intraperitoneal injections with 761 and examined for gross lesions. Routine
parafin embedded, 5 micron, hematoxylin and eosin stained slides from the
following tissues were prepared for all animals: skin, tracheobronchial lymph
node, popliteal lymph node, spieen, femur, larynx, nasal cavity (four levels),
trachea, lung (four lobes), heart, stomach, duodenum, cecum, colon, liver,
pancreas, kidneys, urinary bladder, epididymis, testis, prostate, uterus,
ovary, adrenal, thyroid, brain, pituitary, eyes, and any gross lesions.
Microscopic evaluation was performed on all of the listed tissues from the
control and high dose groups. Tissues from the lower levels were evaluated to

determine a no-effect level for each tissue having a treatment-related

70
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effect. Histopathologic evaluation of tissues from animals exposed to SY/SG
was done at Experimental Pathology Laboratories, Inc., Herndon, VA, by Dr.
Deborah Banas, Diplomate ACVP. The following s a summary of the Findings.
The complete histopathologv report for this 90-day SY/SG exposure study can be
found in Appendix II.

Ninety-Day Exposure

Inhalation of SY/SG dye mixture at 100 mg/m3 six hours/day, five
days/week for 13 weeks resulted in changes in the lungs, nasal cavity,
tracheobronchial lymph nodes, kidneys, and liver. In the lungs, slight to
moderate accumulations of foamy appearing alveolar macrophages containing
minimal to s1ight amounts of pigment were noted in the alveoly adjacent to the
respiratory bronchioles in all high dose rats. These accumulations of
alveolar macrophages were accompanied by slight to moderate hyperplasia of
Type Il cells (granular pneumocytes). In the nasal cavity, submucosal piyment
deposition was noted at most levels of the nasal cavities of nearly all high
dose rats. The pigment deposition was heaviest at Level IIl and Level IV.
(Level I 1s the most anterior portion of the nasal cavity and Level IV is the
most posterior. Level IV is mainly olfactory tissue.) In the
tracheobronchial lymph node, hyperplasia of foamy macrophages
(reticuloendothelial cells) with minimal pigment deposition and slight to
moderately severe lymphoid hyperplasia were present. In the kidneys, an
increase in granular pigment present in the cortical tubules was noted in al)
high dose rats. In the liver, minimal granules of pigment were noted in the
bile duct epithelilum or hepatocytes adjacent to the bile ducts in all high

dose rats.

n

.....




[RCAV IR RN . LAY RPRIR SRS e (AN Y

e
.

In the rats exposed to SY/SG mixture at 10 mg/ma. only lung, nasal
cavity, tracheobronchial lymph node, 1iver, and kidneys were examined.
Minimal Yung lesions similar to those noted in the high dose rats occurred in
three males and three females. The lesions were single lesions and tended to
be at the margins of the lung lobes. In the nasal cavity, minimal submucosal
pigment was noted at Level III in one male and four females, and at Level IV
in two females. In tracheobronchial lymph nodes, hyperplasia of foamy
macrophages with minimal pigment depostion was noted in two males and two
females. Lymphoid hyperplasia was noted in an additiona) male. ﬁigment
deposition in the kidneys was comparable to the controls. In the liver,
minimal granules of pigment were noted in two females.

In the rats exposed to SY/SG dye mixture at 1 mg/m3. the lungs and

nasal cavities from both sexes were examined. The livers from females were

also exam.ned. No compound-related histomorphologic alterations were noted in

any of these tissues.

The pigments in the tissues of the exposed rats are similar to the
pigments seen after exposure to SY dye alone.

Thirty-Day Recovery

Inhalation of SY/SG dye mixture at 100 mg/m3 for 90 days followed by a

30-day recnvery period resulted in lung lesions similar to those noted after

90 days, but marginally less severe. Additionally, in the lungs, a few of the

foamy macrophages ccntaining pigment were present in the peribronchial

lymphoid cuffs, a feature not present after 90 days exposure. In the nasal

cavity, submucosal pigment deposition was present at most levels in nearly al)

11gh dose rats, but appeared to be slightly less severe than was noted after

90 days. In the tracheobronchial Tymph nodes, hyperplasia ¢i foamyr

12
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macrcphages containing a minima) amount of pigment was slightly more severe
than was noted after 90 days exposure. The extent of lymphoid hyperplasia was
similar to that at the end of exposure. In the kidney tubules, the increased
tubular pigment was less severe than was noted after 90 days. In the liver,
pigment deposition in the bile duct epithelium was comparable to ‘hat noted
after 90 days exposure.

In the rats exposed to SY/SG dye mixture at 10 mg/m> for 90 days
followed by a 30-day recovery period, only lung, nasal cavity,
trachiecoronchia) lymph node, liver and kidneys were examined. Lesions similar
to those noted at this level after 90 days exposure were present. Minimal
lung lesions were noted in two rats of each sex and submucosal pigment
deposition was noted in the nasal cavity of single rats of each sex at Leve)
II, six males and five females at Level III, and two males and six females at
Level IV. Lymphoid hyperpiasia was present in the tracheobronchial lymph node
of one male, but hyperplasia of foamy macrophages was not present in any of
the lymph nodes examined. Pigment was noted in the kidneys and was comparable
to that of the controls. Thus, this does not appear to be exposure related.
No pigment deposition was noted in the liver.

No compound-related histomorphologic alterations were noted in the lungs
and nasal cavities of rats exposed to 1 mg/m3 for 90 days followed by a
30-day recovery period.

Spontaneous disease lesions and incidental findings such as
nonsuppurative myocarditis, testicular atrophy, piostatitis, and nematodiasis
occurred in a few rats in both control and treated groups at both sacrifice

fntervals. These lesions were distributed with approximately equal frequency

in test and control rats, and thus were not exposure related (see Appendix I1l).
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SUMMARY OF THE 90-DAY REPEATED

INHALATION EXPOSURE OF RATS TO DYE AEROSOLS

Male and female F344 rats were exposed by inhalation to 1.0 ¢ 0.2,
10.8 £ 1.8 or 100 ¢ 17 mg/m3 (mean ¢ SD) of SY dye aerusol for 6
hr/day, 5 days/wk for a period of 90 days. The average particle size of these
aerosols ranged from 2.1 to 4.0 ym (mass median aerodynamic diameter).
Following exposures, lung concentrations of QI were measured, which indicated
that very 1ittle SY dve was retained in lungs and thus the amount deposited
had cleared at a very rapid rate. Exposed animals were also evaluated for
changes in respiratory function, biochemical indications of lung tissue

damage, changes in blood chemistries, and histopathological lesions. At the

‘end of the exposure, both male and female rats exposed to the highest

concentration of SY dye had slightly, but statistically significant lower body
weights than control animals. These lower body weights of male rats exposed
to the highest concentration of SY returned to control values during the
30-day recovery period, while those of female rats did not. Exposure-related
histopathological lesions in rats exposed to the highest concentration of SY
dye (100 mg/ms) consisted of pigment deposition in the nasal cavity, liver,
and kidney. In the lungs, accumulation of foamy alveolar macrophages
containing minimal pigment was noted in one male. After a four-week recovery
period, the amount of pigment deposited was slightly decreased. #Minimal lung
lesfons were noted in two rats. Exposure of rats to 10 mg/m3 of SY dye did
not resylt in lesions. Only pigment deposition in the nasal cavity was noted
and to a much lesser degree than was noted at the high dose exposure. After a

four-week recovery period, the pigment deposition in the nasal cavity was

14
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st11) present. No compound-related histomorphological changes were seen in
the tissues examined from rats exposed to 1 mg/m3 of SY dye. No other
toxicologically significant effects were observed in exposed animals as
compared to control rats. Therefore, the no-observable-adverse effects level
for SY dye inhalation exposures was 10 mg/m3 for this particular exposure
regime.

Male and female F344 rats were also exposed by inhalation to 1.1 ¢
0.5, 10.2 £+ 3.1 or 101 ¢ 23 mg/m3 {(mean * SD) of SY/SG dye aerosol for
6 hr/day, 5 days/wk for a period of 90 days. The average particle size of
these aerosols ranged from 2.8 to 4.2 um (mass median aerodynamic
diameter). After exposures, the SY portion of this dye mixture (QI) cleared
from lungs at a rapio rate, but substantial amounts of the SG portion of this
dye mixture (TA) remained in lungs for an extended period after the exposure.
As in the 90-day exposure study to SY dye, rats exposed to the highest
concentration of 5Y/SG dye mixture gained weight at a slower rate than the
other experimental groups of animals. However, after the 30-day post-exposure
perfod, only females returned to control body weight values. Analycis of
bronchoalveolar lavage fluid indicated an inflammatory response only in the
lungs of rats exposed to the highest concentration of SY/SG dye (100 mg/mg),
which was present after 6 weeks of exposure, did not worsen after 13 weeks of
exposure, and was stil) present after the 30-day recovery period. Increased
acid proteinase in the highest two exposure levels at the end of exposure
suggested an inflammatory response. However, after 30-day post-exposure

period, only the highest exposure level was still increased, suggesting a

gradual reduction in severity over time. Exposure-related histopathological !
l
w

Testons In rats exposed to the highest concentration of SY/SG dye (100

15
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mg/ma) consisted of accumulations of foamy alveolar macrophages containing
minimal amounts of pigment in the lungs. These accumulations were accompanied
by hyperplasia of Type [l pneumocytes. Similarly, foamy macrophages with
pigment had accumulated in the tracheobronchial lymph nodes. Pigment
deposition was noted in the nasal cavity, liver, and kidney. After a 30-day
recovery perfod, these lesjon. were decreased in severity with the excepticn
of foamy macrophages in the tracheobronchial lymph nodes which were siightly
increased. Exposure of rats to 10 mg/m3 of SY/SG dye resulted in minimal
lestons 1n the lungs and tracheobronchial lymph nodes of a few raié and
pigment deposition in the nasal cavity to a much lesser degree than was noted
at the high dose exposure. After a 30-day recovery period, these minima)l
lesions were essentiaily unchanged. No compound-related histomorphological
changes were seen in the tissues examined from animals exposed to ) mg/m3 of

SY/SG dye mixture. Therefore, the no-observable-adverse effects level for

SY/SG dye inhalation exposures was 1 mg/m3.
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GLOSSARY

Green component of yellow/green dye: green dye, solvent green, SG
Major compound in yellow dye: 2-(2'-quinolinyl)-1,3-indandione, QI
Major compound in green dye: 1,4-di-p-toluidinoanthraquinone, TA
Stock yellow dye: vellow dye -~lvent yellow, SY

Stock vellow/green dye: yellow/green dye mix, SY/SG
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LOVELACE PROJECT NUMBER RZ-79

13 WEEK AND 17 WEEK INHALATION STUDY ON
SOLVENT YELLOW DYE

PATHOLOGY SUMMARY

A histopathologic evaluation of selected tissues from male and
female rats exposed to Solvent Yellow Dye was conducted to provide
information on the inhalation toxicity of dyes present in colored smoke
munitions. The experimental design for this study was as follows:

Number of Animals
13-Week Sacrifice 17-Week Sacrifice

Group _ Concentration Males Females Males Females
c Control 10 10 10 10
L Low Exposure Concentration 10 10 10 10
M Madium Exposure
Concentration 10 10 10 10
H High Exposure Concentration 10 10 10 10

According to protocol, routine hematoxylin and eosin stajned
slides from the following tissues were prepared for all animals: skin,
tracheobronchial lymph node, popliteal lymph node, spleen, femur,
larynx, nasal cavity (four levels}, trachea, lung (four lobes), heart,
stomach, duodenum, cecum, colon, 1iver, pancreas, kidneys, urinary
bladder, epididymis, testis, prostate, uterus, ovary, adrenal, thyroid,

brain, pituitary, eyes, and any gross lesions. Microscopic evaluation

-was performed on &a11 of the listed tissues from the control and high

dose groups. Tissues from the lower levels were evaluated to determine

a no-effect level for each tissue having a treatment-related effect.

.
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In general, the tissues called for to be examined by protocol

l' l- N
LA

are represented in the Histopathology Incidence Tables. Only a few

Y

tissues were inadvertently missed at the time of necropsy or lost during

istologic processing. In some {instances, the posterior partion of the

[ Aa)
(i"'l'l

nasal cavity had been damaged and complete sections of four levels of
the nasal cavity could not be obtained.

Microscopic findings for each tissue examined from each animal
- are listed in the Histopathology Incidence Tables., A1l lesions are sum-
marized by treatment groups in the Summary Incidence Tables together
with the total number of animais; in each group for which the tissues
ii ware exgmined. A tabulation of gross lesions observe¢ at the time of
necropsy with the correspanding microscopic change, if appropriate, is
given in the Correlation of Gross and Microscopic Findings Tables. The
deszriptions of gross findings on these tubles were transcribed from the
Individual Animal Necropsy Sheets prepared at the time the necropsies

were periormed.

RESULTS

13-Wee! Sacrifice

- Inhalation of Solvent Yellow Dye at the high exposure con-
centration for 13 weeks resulted in submucosal pigment deposition in
the nasal cavity of all rats. The pigment deposition was heaviest at :

if Level II1 and Level 1Y. In the kidneys, an increase in granular pigment .

lTocated in the cortical tubules was noted in all high dose rats. In

the male rats, there was also an increase in the incidence of lesions

-2~
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- characteristic of early chronic nephropathy, namely foci of regenerative
tubular epithelium, casts, and foci of mononuclear cells, However,
these lesions are commonly noted in rats of this age and strain and were
only minimal to slight in severity. In the liver, minimal to slight
granules of pigment were noted in the bile duct epithelium or hepatocytes
adjacent to the bile duct in all high dose rats. In the lung, minimal
focal accumulations of foamy appearing alveolar macrophages containing a
minimal amount of pigment were noted in the alveoli adjacent to the
respiratory bronchioles in one male. This lesion was accompanied by
minimal hyperplasia of Type 1I cells (granular pneumocytes).

In the rats expssed to Solvent Yellow Dye at the medium
exnosure concentration, only nasal cavity, lung, liver, and kidneys were
examined, In the nasal cavity, minimal submucosal pigment was noted at
Level IIl in three males and two females, and at Level IV in five males
and seven females. Pigment deposftion in the kidneys was comparadle to
the controls. In the liver, minimal granules of pigment were noted in
two females. No lesicns attributable to treatment were noted in the
sections of lung examined,

In the rats exposed to Solvent Yellow Dye at the low exposure
concentration, the nasal cavity was examined from both sexes; the liver
was also examined from the females. No compound-related histomorpho-

‘logic alterations were noted in either of these tissues.

17-Week Sacrifice

Inhatation of Solvent Yellow Dye at the high exposure con-

centration for 13 weeks followed by a four-week recovery period resulted
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~ 4n submucosal pigment deposition in the nasal cavity of all rats. This

pigment deposition was heaviest at Level III and Level 1V and was
slightly less severe than was noted at the 13-week sacrifice. In the
kidney tubules, increased tubular pigment was noted and appeared to be
less severe than tha® noted at the 13-week sacrifice. The incidence of
early chronic nephropathy was comparable to that of the controls. In
the liver, pigment deposition in the bile duct epithelium was comparable
to that noted after 13 weeks exposure. In the lungs, two males had
minimal focal accumulations of foamy appearing alveolar macrophages con-
taining a minimal amount of pigment. These accumulations were accom-
panied by minimal hyperplasia of Type II cells (granular pneumocytes).

In the rats exposed to Solvent Yellow Dye at the medium
exposure concentration for 13 weeks followed by a four week recovery
period, only nasal cavity, lung, liver, and kidneys were examined. In
the nasal cavity, minimal submucosal pigment was noted at Level III in
two males and four females and at Level IV in six males and eight
females. Slight submucosal pigment was noted at Level IV in an
additional male. Pigment deposition in the kidneys was comparable to
the controls. No lesions attributable to treatment were noted in the
lung or liver.

In the rats exposed to Solvent Yellow Dye at the low exposure
concentration, only the nasal cavity was examined. No compound-related
histomorphological alterations were noted in these sections.

Spontaneous disease lesions and incidental findings occurred

in rats in both control and treated groups at both sacrifice intervals.
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- These lesions were distributed with approximately equal frequepcy in

ZF (IR R M

test and control rats,

wa

CONCLUSIONS
\:\1‘
Cxposure of rats to Solvent Yellow Dye at the high exposure W
concentration for 13 weeks resulted in pigment deposition in the nasal N
cavity, liver, and kidney. In the lungs, accumulation of foamy alveolar 2
macrophages containing minimal pigment was noted in one male, After a g;
; four-week recovery period, the pigment deposition was slightly decreased -
in severity., Minimal lung lesions were noted in two rats. i:
Exposure of Solvent Yeilow Dye at the medium exposure con- .

centration for 13 weeks resulted in pigment deposition in the nasal

cavity to a much lesser degree than was noted at the high dose exposure.

LI 4
'y

After a four-week recovery period, the pigment deposition in the nasal

. -]
‘ cavity was still present. !
Exposure of rats to Solvent Yellow Dye at the low exposure o
o~
concentration did not result in any compound-related histomorphologic -~
changes in the tissues examined. -

4
] L. anad/ R
RAH A, NAS, D.Y.M., M.S. -

Yeterinary Pathologist
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i QUALITY ASSURANCE
REPORT CERTIFICATION

Lovelace Biomedical and Environ-
Client Name mental Research Institute, Inc. Client Study No. RZ-79

Study Director Dr. Larry A. Ackerman Patholoagist Dr. Deborah A, Banas

Study Title 13 Week and 17 Week Inhalation Study on Solvent Ye1iow Dye

Test Article Solvent Yellow Dye Species Rats

i A1l parts of the pathology phase of this study, including the final report,
were reviewed by Experimental Pathology Laboratories Quality Assurance Unit

on April 23, 1985 through August 27, 1985 . A1l findings were reported

i to the Study Director and Management.
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~RZ-79

13 Week Sacrifice

uﬂale Rats

r . . Group Group Goup Group

. c H L M

[NASAL CAVITY-LEVEL I |

® 0. EXAMINED) (10) (10) (10) (10)

| Serous Exudate 1

Hemorrhage 2 2 5 2 n

':;_Sﬁbmucosa'l Pigment Deposition 4

l Nonsuppurative Rhinitis 1

= Hyperplasia of Goblet Cells 1

]_ Suppurative Exudate 1

“ Inflammation of Nasolacrimal

T Duct

[NASAL CAVITY-LEVEL 11

LEND. EXAMINED) (10) (10) (10) (10)

Serous Exudate 1 - _ -

l Hemorrhage L 1 —_3——_ 4 2

?j? Submucosal Pigment Deposition 10 o ‘

L Inflammation of Nasolacrimal o
! . Duct ] o R __‘____'
. '_NonSuppurat_ive Rhinitis B o 1 N T
.;_'_?_!s?i.c Glands "________T___'_ ____1__~_~—::—“ ;___:
| s i T
| NO. EXAMINED) (100 @e)y o ey

[ herorrnage S S S G
' r: Submucosal Pigment Deposition _ . o 3 i i
) Nonsuppurative Rhinftis D
- Cystic Glands o . 1
| _ Inflammation of Naso1a_cr1ma1 L e
i ~ Duct o L e |
| 1-1 g
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I ) SUMMARY INCIDENCE TABLE E
F

g‘f RZ-79 g
& 13 Week Sacrifice

" Male Rats E

. Group Group Group Group L
-~ c H : L M : g
i NASAL CAVITY-LEVEL 1V -
=2 | (NO. EXAMINED) (1) - (10) (10) (10) 5
Serous Exudate : 1 ' )
" Hemorrhage 1 , 1 K.
__Submucosal Pigment Deposition 10 5 ol
LIVER (HO. EXAMINED) (100 (10) (10) ”
.| _Foci of Mononuclear Cells s 6 © 3 -
' ) Sﬂe Duct Hyperplasia 1 1 Ei
: Pigment Deposition 10
Infarction L 1
g [CIDHEY (NO. EXAMINED) (10 1 (10) B '—*. |
- __Regenerative Tubular
| tpithelium o 3 8 5 I I
S Teasts ‘ 5 - mE
A L U R R
Foci of Mononuclear Cells 4 8 4 -
:Eguhr Mmerahza_tion i ___: o "_ - __ B L - Fi
ost_ N __ o
o T T AT E | T
g __Pigment Deposition | b - _—
: _ Hyperplasia of Tybgll C_e1_l_s__v_:___>__ — A:__lh o 4 N
» Peribroncma'l Lymphoid <
»F  Hyperplasta N ' N
- Accunulations of Foamy o)
Macrophages v _
L - -
1-2
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s; SUMMARY INCIDENCE TABLE
k
i RZ-79
*~ 13 Week Sacrifice
Male Rats
| ] ~ Group , Group Group Group
o : C : H : L M
c...
']BRAIN (NO. EXAMINED) (10) I {10)
|
“PITUITARY (NO. EXAMINED) (10) ; (10)
- ADRENAL (NO. EXAMINED) (10) . (8)
L Vacuolated Cortical Cells 1 '
- —
EYE_(NO. EXAMINED) (10) (10) N
-.__Retinal Degeneration 1 |
ﬂ. - - —
1 THYROID (NO. EXAMINED) (10) (10) |
.rLARYNX (NO. EXAMINED) 110) . (10)
ﬁ Foci of Mononuclear Cells 3
- TRACHEA (NO. EXAMINED) . aoe) (10) o N
ﬂc_‘_‘lf Mononuclear Cells . 2 L
B_ ' ]
'-|LYMPH NODE, TRACHEOBRONCHIAL L ) L |
.~ (NO. EXAMINED) oy ey oo i
Lymphoid Hyp_e_r_ﬂg_sia . 1 e i
L Heﬂorrhage _ ) B o
: P1gment Deposutio_n 7 B B )
HEART (NO. EXAMINED) b e '
Nonsuppu_rat_1_ve_ Mjoca_rdigi_s___ 3 s _l S L B
-'?3._0‘_’_‘_2”_°"______,_______;__m S
b
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SUMMARY INCIDENCE TABLE E
RZ-79 g
13 Week Sacrifice
Male Rats E
- - Group - Group : Group Group
S M E
SPLEEN {NO. EXAMINED) (10) + (10)
B )
PANCREAS (NO. EXAMINED) (100  (10)

Focal Acinar Atrophy 1 i
LYMPH NODE, POPLITEAL =
(NO. EXAMINED) (10) (19) . s
F_figment Deposition ' 2 .
__Lymphoid Hyperplasia E;

Hemorrhage
STOMACH (NO. EXAMINED) (10) (10)
DUODENUM (NO. EXAMINED) (100 (10) i
CECUM (NO. EXAMINED) (100  (10) N
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SUMMARY INCIDENCE TABLE

RZ-79
13 Week Sacrifice
Female Rats
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13 Week Sacrifice
Female Rats i
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13 Week Sacrifice
iFemale Rats
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HISTOPATHOLOGY INCIDENCE TABLE
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group C
Male Rats
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| E FISTOPATHOLOGY INCIDENCE TABLE

-RZ-79
13 Week Sacrifice Group C

. Male Rats

—_— - ™
oMol c=z

le OwWwr= 1 OOYYW
i Wt 1 ®OOW
!x ISYRFEITEN. JV- RV ¥R
It (o =1 OO W
‘> b= OO W
¢ w1 owwow
o = oW w
i [~ DOOwW
x [Dwr 1 OO W
» [Dwr—1 VoW
\

. BRAIN

i * -4 Cae- - - - - - c——— .
I I —_——— o e e e e e - e —

- -:'._PITUITARY X X X X X X X X X X

1
|
)
i
f
i
’
I

[

,I,ADRENAL X X X X X X X X X
). . - A Rp—
Ti Vacuolated Cortical Cells o 1

BT I

_ I ]

“EYE  Ixx xx xx x xxx
[ Retina) Degeneration
r N

R v a0,

!THYROID X X X X X X X X X X ﬁ
: XXX X X X X X X X
e | L

ARYNX i X X x X x X x x x X

Foci_of Mononuclear_ Cel]s

._ ————— —— ————— e — - P U - - . . - . Ju——

DA LI PP P

| TRACHEA XXX XX X XX X X

:f Foci of Mononuclear Cells

-~ w
LY

5l
gl
R
i.

LYMPH NODE TRACHEOBRONCHIAL X x X X x X X X X
| _Lymphoid Hyperplasia _ _ 2.
+~_ Hemorrhage

f _Pigment Deposition

P
C:
-
b

THEART XX X X X X X

.|7”Non§uppurqtixg Myocarditis e 2.1 _ o
ft_Dﬂatat_io_n____-_,,_,_ S S

11-3
EPL |

Key Pe=Present N = No Secton A= Autolysy  R= RO ‘-c“a"\g:‘e
p 1 e MAy ' - Sugh - A 4 =N v ale evpie Y3
: l Expenimental Pathology Laboratories, inc 5<Severe Hign ’e Isncoo':'\plele Secton o0 TETy e T

L L e e - S L, oA e T e T e e, et
- oml e e e A L e e 4. _a - e B ama P ST PR SR QPG VL Gy Ui G i, Wy G | P U TR U S G Y Par ) |

RPN P R



DDA 0

RN & By

HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group C
Male Rats
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HISTOPATHOLOGY INCIDENCE TABLE
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13 Week Sacrifice
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group H
Male Rats
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RZ-79
17 Week Sacrifice
Male Rats
N Group . Group Group Group
c | H L M i
NASAL CAVITY-LEVEL I ' ! i
(NO. EXAMINED) (9) . {10) (10) (10)
Hemorrhage 3 ‘ 5 1 1 '
Submucosal Pigmert Deposition 1 :
Nonsuppurative Rhinitis 1 1
Hyperplasia of Goblet Cells i 1 2
Cystic Glands 2
NASAL CAVITY-LEVEL II
(NO. EXAMINED) (10) (10) (10) (10)
Hemorrhage 3 ; 2 2
Submucosal Pigment Deposition ' 10
Nonsuppurative Rhinitis 1 2
Foreign Body _
NASAL CAVITY-LEVEL 111 :
| (NO. EXAMINED) (100 (10) (10) (10)
Hemorrhage _ 1 2 1 -
L__gqpmucosa1 Pigment Deposition ' 10 2
| _Nonsuppurative Rhinitis | ]
NASAL CAVITY-LEVEL v -
(NO. EXAMINED) (10)__;_ glg) (10) ({91_ ]
Submucosal Pigment Depgfjtion __J_lg____ 7 :; ____ ]
Hemorrhage B 3y o B )
Suppurative Exudate 3 o I - ]
_ ] o L ___,Jij
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‘ SUMMARY INCIDENCE TABLE

S

B R2-79

*17 Week Sacrifice

. Male Rats

il - ~ Group ; Group  Group “Group !
N L . D M r
JLIVER (NO. EXAMINED) © {10 1 (10) (10)
!{- Foci of Mononuclear Cells , 2 ' 8 2
’1__Pigment Deposition ! ' 10

- Bile puct Hyperplasia :

3

IKIDNEY (NO. EXAMINED) . (10)  ~ (10) (10),

Pigment Deposition _ 10 ' 10 10
1 Regenerative Tubular : -
2 Epithelium 9 10 B
Casts : 7 10
-, Foci of Mononuclear Cells ' 4 : 8 , 6
“, Cyst , 1

Tubular Mineralization

[LuNG (ND. EXAMINED) (10) (10) (10)
. Hemorrhage : 2
B Pigment Deposition _ 2
B Hyperplasia of Type II Cells 2
h Accumulations of Foamy
- Macrophages 2 L
<{__Peribronchial Lymphoid ) -
"l Hyperplasia : 10 10 9 ]
_ﬁRAIN (NO. EXAMINED) ; (10 (19)__ o ] X
] 4 - R . 4
PITUITARY (NO. EXAMINED) | (10) (10) '
+— - i - —_— - -— N
>4 Cyst ! | 1 <
K - . - —— = 3
! — i - ———— S — o
pe I ) e _ I B
1] 1
V-2 '
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RZ-79
17 Week Sacrifice
Male Rats

SUMMARY INCIDENCE TABLE

e 5% AT R &R

I Expermental Pathology Laboratories. inc.

- i Group | Group | Group Group !
.t on L M
ADRENAL (NO. EXAMINED) 0 ) T )
vacuolated Cortical Cells .5 i3
Hemorrhage l ! :
| ! 4
EYE (NO. EXAMINED) . (10) (10) be
i if
THYROID (NO. EXAMINED) . (10) (10) Ve
LARYNX (NO. EXAYINED) (100 ' (10 s
Hemorrhage ; 1 ' !
Foci of Mononuclear Cells ! ;3
~
TRACHEA (NO. EXAMINED) (10) (15) B ~
Foci of Mononuclear Cells R !!
LYMPH NODE, TéACHEOBRONCHIAL .
(NO. EXAMINED) (9) (9)
[ ]
Hemorrhage 1 R o
Pignment Deposition 2
HEART (NO. EXAMINED) (10) (10) B B -
Nonsuppurative Myocarditis 5 6 L I e
SPLEEN (NO. EXAMINED) (10) (10) - B .
: . — : - - - ,_4:;
PANCREAS (NO. EXAMINED) ! (10) —(10)_ B L ‘___J'
. B o
F | i : o o N 3
—— ! —_— —_ —.
1v-3
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22-79
17 Week Sacrifice

im e Rats

& - ~ Group . Group . Group Group
2 - c | H ' L M
|LyMpH NODE, POPLITEAL | i
B NO. EXAMINED) (100 . (110)
[ Hemorrhage 1 :
.. Pigment Deposition -1
]: Lymphoid Hyperplasia
“TOMACH (NO. EXAMINED) ©(10) (10 B
“JUODENUM (NO. EXAMINED) (100 . (10)
|
r3ECUM (NO. EXAMINED) (10) (10)
'|" Nematodiasis 1 ' 1
L. Hemorrhage 1
| {cOLON (NO. EXAMINED) (10) (16)
.+ Nematodiasis 3 :
: Hemorrhage 1
| &
|SKIN (NO. EXAMINED) | (10) (10) |
L J
{TESTIS (NO. EXAMINED) B (100 (10) ] N
| L o |
~. - ——— P— - _——— e —— --—1 -
~-iPIDIDYMIS (NO. EXAMINED) {10) (10} , ] :
| T R :
* IPROSTATE (NO. EXAMINED) (100 (10) e
b . R I
© IRINARY BLADDER (NO. EXAMINED)  (10) | (10) o |
Z l Foci of Monoruclear Cells - B L ]
¢ : - .
. &) — __T._._- _T - I e —— - —— . —— _——— = e
% 1v-4
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SUMMARY INCIDENCE TABLE

RZ-79
17 Week Sacrifice
Male Rats
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R2-179
17 Week Sacrifice
. Female Rats

SUMMARY INCIDENCE TABLE

dﬁ - i Group ; Group . Group  Group !
ot | C | H ! L M I
NASAL CAVITY-LEVEL 1 i ' - '
BNO. EXAMINED) (10)  (1C) (10) (10)
]i_Hemorrhage L4 I
ﬁ, Submucosal Pigment Deposition ! 2 '
" Nonsuppurative Rhinitis ; ' 1 |
;. Hyperplasia of Goblet Cells | 1 ' 1 1
“: Cystic Glands :
“UASAL CAVITY-LEVLL 11 .

(NO. EXAMINED) 1 (10) (10) (10) .+ (10)
;j Hemorrhage ' 3 1
[ Submucosal Pigment Deposition ' 10
1; Nonsuppurative Rhinftis

Foreign Body 1

1
[-NASAL CAVITY-LEVEL III
i:no. EXAMINED) (10) (10) (10) (10)
W Hemorrhage 1 E 1
1; Submucosal Pigment Deposition 10 - 4 -
f Nonsuppurative Rhinitis__. X . '

L _ s
JNASAL CAVITY-LEVEL IV . ;
=/(NO. EXAMINED) (10) (100 . (10) (10) ]
1 Submucosal Pigment Deposition 10 T8 ]
Ef_ﬁéag;rhage i - L
| Suppurative Exudate | _ ; o i i:;_ -:‘ o
- - — e o]
.l B S
; e
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SUMMARY INCIDENCE TABLE

RZ1-79
17 Week Sacrifice
Female Rats

l Experimental Pathology Laboratones. inc

. Group | Group Group Group :
c i H L M b
LIVER (NO. EXAMINED) (10) t {10) {10)
Foci of Mononuclear Cells 3 i 5 . 4
Pignent Deposition 5 i 10 .
Bile Duct Hyperplasia 1 '
|
KIDNEY (NO. EXAMINED) (10) (10) (1Q)
Pigment Deposition 10 10 10
Regenerative Tubular
Epithelfum ] 1
Casts 1 o
Foci of Mononuclear Cells 2 2 2
Cyst B - .
Tubular Mineralization 10 10 10
LUNG (NO. EXAMINEC) (10) (10) (10)
Hemorrhage .
| __Pigment Deposition
| Hyperplasia of Type !l Cells
Accumulations of Foamy -
__Macrophages ) o ]
r—Peribronchia‘l Lym_ph_oid__ o L -
Hyperplasia 10 ~:A__ 9 9 L ]
[BRAIN (NO. EXAMINED) 0 - (0 . ]
PITUITARY (ND. EXAMINED) (10) , (10) o ]
Cyst : 2
- i T e e .
, |
1v-7
ErL |

e |

A




i ﬁ SUMMARY INCIDENCE TABLE
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YR2-19

17 Week Sacrifice
female Rats

1v-8

u EPLJ

%] I Experimental Pathology Laboratories, Inc.

. - . Group _ Group | Group . Growo
i g - o : H i L ; M i
' TADRENAL (NO. EXAMINED) ©(10) 1 (10) f 5
i ﬂ- Vacuolated Cortical Cells : | !
‘| Hemorrhage : ' 1
| : |
-:i;fvz (NO. EXAMINED) o0 - (10)
“THYROID (NO. EXAMINED) (10) ' (8)
- Z_ARYNX (NO. EXAMINED) C (100 - (10)
! T Hemorrhage : ' : !
li; Foci of Mononuclear Cells - : 1 '
l- 1
TYRACHEA (ND. EXAMINED) 110) (10)
' - Foci of Mononuclear Cel':s 1 1
=l ] o
© LYMPH NODE, TRACHEOBRONCHIAL
. |(NO. EXAMINED) —(9) (10)
™ Hemorrhage 4 | 3
1__Pigment Deposition -4 5
; '-'}E@.RT (NO. EXAMINED) (10) . (100 | B
! .. Nonsuppurative Myocarditis : 3 ; 3 o
E_P_LEEN (NO. EXAMINED) (0 (10) - -
- e o ]
) [PANCREAS (NO. EXAMINED) o 5 (10)
S - = R — - - I—
' . | e _ - ]
|- —_— S ]
’.'
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SUMMARY INCIDENCE TABLE

RZ-79
17 Week Sacrifice
Female Rats

- . Group ; Group | Group | Group
_ : C i H ; L M
LYMPH NODE, POPLITEAL : l
(NO. EXAMINED) : (7) o (10)
Hemorrhage : !
Pigment Deposition
Lymphoid Hyperplasia 1
STOMACH (NO. EXAMINED) (10 (10)
: i
DUODENUM (NO. EXAMINED) ___(10) (10) .
CECUM (NO. EXAMINED) (10y . (10)
Nematodiasis
Hemorrhage
COLON (NO. EXAMINED) (10) - (10)
Nematodiasis = 1 - 1
Hemorrhage '
i
SKIN (NO. EXAMINED) . (10 (10)
[UTERUS (NO. EXAMINED) 1o (o)
Dilatation ' : 1
OVARY (NO. EXAMINED) 100 ¢ o(10) L R
Parovarian Cyst ! 1 _ 5 : =
—_— J‘ ————— e —— e ——— - -
[URINARY BLADDER (NO. EXAMINED) ! (10) | (10) ~ B
Foci of Mononuclear Cells ! 1 i i . ;::j .
Iv-9

EPL |

| Experirnental Pathology Laboratories, Inc.




@ RZ-79
s‘fr17 Week Sacrifice
Female Rats

SUMMARY INCIDENCE TABLE

Greup Group . Group ~ Group !

H f L M
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FISTOPATHOLOGY INCIDENCE TABLE I
RZ-79
17 Week Sacrifice Group C I
Male Rats
333 33 3 3 3 33 E
. ANI 9 9 9 9 9 9 9 9 9 9
739999999999 ﬁ
mpg 8 8 8 8 8 8 8 8 8 8
AE] = = = = = = = = - =
trerj{1 1 1 1111111
4 4 4 4 4 4 4 4 4 4 g
01 2 3 45 6 7 8 9
NASAL CAVITY-LEVEL 1 X X X X X N X B ] ;
Hemorrhage 2 2 . b
Submucosal Pigment Deposition : -
r“""“_ T T e S
Nonsuppurative Rhinitis e e
Hyperplasia of Goblet Cells U B
Cystic Glands U -
NASAL CAVITY-LEVEL II X X X X X xx
Hemorrhage e 2 3 o n
| _Submucosal Pigment Deposition o B . R A
Nonsuppurative Rhinitis . L L o
Foreign Body o o o N L U P
NASAL CAYITY-LEVEL 111 X X X x x x x xx o
Hemorrhage 1 e _ j !
|_Submucosal Pigment Deposition - e - ]
| __Nonsuppurative Rhinitis e ) |
NASAL CAVITY-LEVEL IV~ | X X X X X X X X X X =
Submucosal Pigment Deposition | ) L .
__Hemorrhage R .
|___Suppurative Exudate 1 = _ 3 L
T
LIVER o XX XX X x X X
|__Foci of Mononuclear Cells . 11 I _
|__Pigment Deposition I L e
L_Bile Duct Hyperplasia .
V-1
EPL ]
Key B esent o oo Secton s s e e s
1e Mnms 7 =51g 3~ Mode 3 -.

‘l Experimental Pathology Laboratories, Inc.

.................
,,,,,

$= Severe High | =Incorplele Section




& HISTOPATHOLOGY INCIDENCE TABLE

Z 79
17 Week Sacrifice Group C
Hale Rats

33333333233

. ANl9 999999999
N ) Nul19 9 999999909
\ wg|8 8 8 8 8 8 3 88 8
AEl = = = = = = = = = =

. tRl1 111111111
- 4 4 4 4 4 4 4 4 4 4
: D 1 2 3 4.5 6789

"AJONEY S e e
r;‘_ﬂsmgm_neposi_tion 3 15 U 0 S O U NS S W G S
-ih_gggenerative Tubular :
. Epithelium 1 1
L, Casts 2 o
f},Foc1 of Mononuclear Cells : F"‘JL“"“'l"‘""l““""‘l" L

Cyst Al
--_Tubular Mineralization

NG S I B}
t[fﬂemorrhage R
._Eigmgn; Depositi_q.__*_,_‘l_,, L . . ; _J
__Hyperplasia of Type II Cells |

Accumulations of Foamy e e -
:___Macrophages N |
[_Eezitmocm_al_umphpi_d____ L

___ Hyperplasia 2 111 1 1 1 111

'LBRA‘N ) B X X x x x x x x

- R S—

[Pnuxmv__ X X X X X X X X X

a.'.__CJSt ______l -——
““ADRENAL X X X X X

— -

l*,Vacuolath Cortica1 Cels 11 v 11 1
. Hemorrhage

1]

V-2

EPL I
Key P=FPiesent N= N2 Seltion A Aulntys e . ' " Fe~amate

1= Niimag 2 = Stp™ e McJerate Q- WI200000) SCeete Mgh

'a I Experimental Pathology Laboratories, Inc. S~ Severe High | = Incomrigte Secticn




FISTOPATHOLOGY INCIDENCE TABLE

RZ-79
17 Week Sacrifice Group C R
Male Rats
3333333232133
- ;N9999999999
'nl9 9999999909 ﬁ
wp|8 8 8 88 888 8 8
AEl= = s = = s s . - -
tRj1 111111111 E
4 4 4 4 4 4 4 4 4 &
01 23456 7 89
EYE X X X X X X X X X X %
X XX S .
THYROID X X X X X X X X X x - e
LARYNX X X X X X X XX x ;_#
Hemorrhage e R ] E'-
Foci of Mononuclear Cells o e _ . ..
I £
TRACHEA ol x x ox ox x ox x x X ) ]
Foci of Mononuclear Cells L . L L ""
LYMPH NODE, TRACHEOBRONCHIAL | X X X X N X X X ) N
Hemorrhage 1 o ) =
Pignent Deposition ) S S o lm
HEART _ XX XXX ~_
| __Nonsuppurative Myocarditis |1 1 2 1 1 R
SPLEEN o X X X X X X X X X X 1?_?',
PANCREAS o XX X X X X X X X X -
LYMPH_NODE, POPLITEAL SlXXOX X X X X X X "
__Hemorrhage | 2 =
| _Pigment Deposition | 1 | -.
| _Lymphoid Hyperplasia | B} i
y-3 o
EPL |
ey R e, N et PR A AN A ST |

I Experimental Pathology Laboratores. Inc

5= Severe'High ) --Incomp'ele Sec

tion
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?KRZ 79
17 Week Sacrifice
Male Rats

HISTOPATHOLOGY INCIDENCE TABLE

Group C

3333333333
) ANI9 9 9 9 999 9 9 9
o Nel9 9999999999
- mpg| 8 8 8 8 8 8 8 8 8 8
AE| = = = = = =« = = - =
_.p trR{1 1 1 1 1 11111
- 4 4 4 4 4 4 4 4 4 4§
- 0 1 2 3 4 5 6 1 8 9
| STOMACH X X X X X X X X X X S
-;,.DU_QDENUM X XOX_ X O X_X_ X X X X S ]
! CECUM X X X X __ X X X X X__ .. __“\_j
= Nematodiasis N ]
[;Lorrhage i e
- _1 -~ e e ]
| coLon _ XX XX XXX S
o Nematodiasis L P PP ) o ) A o
_Hemorrhage _ . e - - e _ I X
- ——— —— e m e e oo X
ii&jﬂ T X X XX X XX X XX ;
|
B B T T T TToT Tt mm——mmme— s s s —e
IilESTIS XX XX XXX XXX N
EPIDIDYMIS L X X X X X X X X X X )
- R |
‘_.“__R_SMTE o X X X X X x X X X X
EINARY BLADDER o X X X x X X X X X X
T- Foci_of Mononuclear Cells -
FEMUR _ X X X X X X X X X X o
v-4
EPL |
Key P=Piesent N = N> Section A= 2yl0lys-& A~ N Re~arkace
1= N.r.ma: 2 = Shp~t 3= WMoge-ate 4 - h:gecalely Severe mgr

M

I Experimentai Pathology Laboratories, Inc.

.......

S« Severe High | =incompicte Section
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FISTOPATHOLOGY INCIDENCE TABLE

. e
R

RZ-79
17 Week Sacrifice Group H
Male Rats
4 4 4 4 4 4 4 4 4 4 i
. ANlO O OOOOOUOU OO
"v1000000O000O00O00O v
Mg/l 1 1 1 1 11111 '
AE|l= = = o = & = = = =
tRj1 1 1 1111111
4 4 4 4 4 4 4 4 4 4 E
0 1 2 3 4 5 6 71 8 9
NASAL CAVITY-LEVEL 1 X X X X X . L o ] }.:
Hemorrhage 1 2 ) S S S L)
Submucosal Pigment Deposition 1 e o .
Nonsuppurative Rhinitis . S - E‘:“.
Hyperplasia -f Goblet Cells R L
Cystic Glands . __]12
NASAL CAVITY-LEVEL 11 e
Hemorrhage 1 r -
Submucosal Pigment Deposition |2 2 2 2 2 2.2 2 2 2 ] e
Nonsuppurative Rhinitis e 1 e ____E
| Forefgn Body o I o . o

NASAL CAVITY-LEVEL 111

Henorrhage I O S |

Submucosal Pigment Deposition |3 3 3 3 3 3 3 3 3 3 L ] ] -
| __Nonsuppurative Rhinitis . o I
wsAL cAITYsLEWEL IV | |
| Submucosal Pigment Deposition |3 3 3.3 3 3 3 3 3 3
| _Hemorrhage _ ) 11, 1 .
__Suppurative Exudate | - _ 2 -
| LIVER . I )
r—ﬁ‘ of Moncnuclear Cells | 1 1 1 1 1 11 o )
__Pigment Deposition _fi111r1 111 2 20

Bile Duct Hyperplasia J.

V-5
EPLL Key f::«'.:.s;;" g:;:o_b;'e'chon A=Auiclys s Xe ot Re~akape

‘ Expetimental Pathology Laboratories. Inc.

............

3= AMpJe:ate 4= tMcdeately Severe My
S« Severe High | ~Inzampiete Section ﬂ
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k HISTOPATHOLOGY INCIDENCE TABLE

Rz-79
N.7 Week Sacrifice Group H
Male Rats
" 4 4 4 4 4 4 4 4 & &
- . ANIODO OOOOOOUOUDO
- "al0 000000000
v Mmsl1 111111111
AEf= = = < = = = = =~ =
l, tf{1 1 11111111
v 4 4 4 4 4 4 4 &4 4 &
' Q 1 2 3 4 5 6 71 8 9
“IDNEY ) S e
|_Pigment Deposition _3.3.2 2. 2.2.3 3 3. _._. I
~_Regenerative Tubular - e i - ]
- Epithelium 2 2. 1 1.2 3.\ 2 2.3 . ]
| _Casts 2 2 1122 122 2 _ _ __._ _ ]
- r lear Cells 1 .31y e ]
| Cyst I
_Tubular Mineralization R ]
l ]
l*
FJJNG . i o , - e
Hemorrhage S D S S I o
' _Pigment Deposition !ty )\ _ e o _ :
.ype_ahﬂa_gf_T_ype._l_I_cglls___l_l__m_.____“__-,___ o -
_Accumulations of Foamy — e . e o ]
. ____Macrophages 41 1 I .
I__Eg_ibr:oncb_al_Lynphoid . R .
- __Hyperplasia 1 2 1 1 1 l 1 1,,_,1 1 -
| o e L o]
La_;A_g ______Jxxxxxxxxxx
c BN o
Torrurtary XX X X X XX X X,
‘f.-.':_vst R S P
““ADRENAL X XX x
| _vacuolated Cortical cetts |1 . 1 1 _
t[ Hemorrhage o _ o ) .
. V-6
EPL |
Key P=Present = N> Secl on A= Aty A= N Re~aaable
|-M mal 2 Si-g 3= Moge:ale 4 =M Jc¢aley Severe HigP

—‘ Experimental Pathology Labcratories, Inc.

Seve:e High ) -lncomrlelc Secton




RISTOPATHOLOGY INCIDENCE TABLE

RZ-79

17 Week Sacrifice Group H a
Male Rats
4 4 4 4 4 4 4 4 4 & i
. ANIO O OOOOUOOOO O
U100 00000000 B
me|/1l 1 11111111
AE|[= = = = = = = = = =
tfRi1 1 1 1 1 1 1111
4 4 4 4 4 4 4 4 4 4 N
0. 1 2 3 4 5 6 7 8 9
EYE XX X X X X X X xx o ) ____<E:
THYROID X X X X X X X X X X T o
A A AN e &.
LARYNX X X X X X X X x xx T .
Hemorrhage o e _ 2.
Foci of Mononuclear Cells L o _ o
— ] ::
TRACHEA X X X X X X X_X X Xx *
| _Foci of Mononuclear Cells o o o I B
B B
LYMPH NODE, TRACHEOBRONCHIAL X X X X X X N X X X
_ N N —d
Hemorrhage _ . o o
__Pigment Deposition e o
B .
e S A
HEART X X X X
| NEAR - - L R, S A I
| _Nonsuppurative Myocarditis |1 1 1 1 11 R
SPLEEN o lx o xoxoxx X x e
PANCREAS o __473_ X X x x X X X X X ~
LYMPH_NODE, POPLITEAL 1 XX X_X X X X X X X _
Hemorrhaqge R B
| _Pigment Deposition _ e .
|_Lymphoid Hyperplasia | I o | i
v-7
EPL |
Key P=Pipsent N~ No Section A= AC1DNySS X=*>' Re~y-kabe
I Experimental Pathology Labaratories, Inc. 332‘;32?:5H.9r. f:nsnh?c::\pneu Section 3= Modedle £ Nigerale, Severe |
PR NN e _ o '.:l:"'ﬁ;- . ‘; e -:.‘v"vl.'q_:‘,;'-:.‘-;;'y‘.};.'r; ';'.1:."; imca '_.‘“.‘-"-._._‘:l““‘ :.-~.. L fos Do At s .!74.1.-‘4[:4
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\ RZ-79
417 Week Sacrifice
Male Rats

E HISTOPATHOLOGY INCIDENCE TABLE

Group H

4 4 4 4 4 &4 4 4 4 4
X ANIO OOOOOGOGOUOO
Nulo 000 O0O0O0DO0DOO
<~ M B 1111111111
AE] = = = = = = - - = -«
8 tARl1 111111111
4 4 4 4 4 4 4 4 4 &
: 0 1] 2 3 45 6 17189
.- STOMACH ol X X X X X X X X X B -]
I e -
-,,.‘nuoosuun XX X X X X X X X x .. ]
qun X X X X X X X X o ]
> Nematodiasis o P e R
emorrhage _ e D S -
[ S ]
[LCDLON XX X XX X X XX _ ]
ematodiasis i S ]
Hemorrhage R U SO ]
“SKIN XX X X X X X X X x . _ _—
‘- - f—— o ———— —— ——— —_——
- TESTIS X X_X X X X x XX x_ o
ﬂ}jEIDJDYMIS R N X__X__X X X X X X o . .
<PROSTATE. X X X X X X X X X X
| YRINARY BLADDER X X X X X X X X X X
__Foci of Mononuclear Ce1ls L
;}:FEMUR I % x x x X x x x x X )
! _ I
ol i
V-8
EPL
Key P=Pingent N = No Section A= 2 t0lys s r-t. ' Remamabe
ﬁ Exper:mental Pathology Laboratories, inc ;:g:\;’::::won f:usn:?;r:\plewSechon 3mMoaciate 4 Ay Severe 3t

. —mtw o m A A PN TR Al AL &




I Experimental Pathology Laboratores, Inc.

HISTOPATHOLOGY INCIDENCE TABLE l
RZ-79
17 Week Sacrifice Group L I
Male Rats
3 3 3 3 3 33 3 33
ANIgQg 9 9 9 9 9 9 9 9 9
. 739999999999
mel9 9 9 9999999 ﬁ
AE]= = = = = = = = = =
tr{i1 1 1 1111111
4 4 4 4 4 4 4 4 4 & 5
0.1 2 3 4567839
NASAL CAVITY-LEVEL I ] X X X x X X X X X .. e
Hemorrhage 1 — ] E:
Submucosal Pigment Deposition L _ . S N
| Nonsuppurative Rhinitis . B L B b
Hyperplasia of Goblet Cells L h
Cystic Glands e L ]
[
NASAL CAVITY-LEVEL 11 X X X X X X X X X X -
Hemorrhage L L S ] :
Submucosal Pigment Deposition L o B D
Nonsuppurative Rhinitis I . B -
Foreign Body _ i _ o _ B _]
A
NASAL CAVITY-LEVEL 111 X X X X X X X X x ) *_*.
Hemorrhage oy o _ .
Submucosal Pigment Deposition e o o -
{ Nonsuppurative Rhinitis | R i __1-
[ NASAL_CAVITY-LEVEL 1V Sl xox X x N
| Submucosal Pigment Deposition | = L B :
|__Hemorrhage - S L B}
_ Suppurative Exudate [ -
— - S - S !
: - i !
V-9
EPL J Key P=Present N =Nc Secfion A~ Autdlyss X = NotRBematnab'e

1= pMnmal 2 =Si1ght
5= Severe'High | ~Incomplete Secton

3 - Mode:ote 4 =Mz2Je'aley Se.ece Hgh
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7 Week Sacrifice

HISTOPATHOLOGY INCIDENCE TABLE

Group M

Male Rats
- 4 4 4 4 4 4 4 4 4 4
. i ANIO OO0 O0O0OOOODODO
-::- NJJoonooo0oo0O0O0ODO
- mel0O O 0 0 O0O0O0O0O0O

AE|] = = = = = = = =« = =
L ter}ll1 1 11111111
. 4 4 4 4 4 4 4 4 4 4
, 0 1 2 3 4 5 6 7 8 9
IJASAL_CAVITY-LEVEL I X X X X_X e
};_ﬂemorrhage A . )
»-_Submucosal Pigment Deposition e o
Eﬁ Nonsuppurative Rhinitis 1 _ o
L‘_ﬂyperp1asia of Goblet Cells 1 . 1 . o _1
f_(;ystic Glands B S S ]
“{ASAL_CAVITY-LEVEL II X X XX XX _X. _ __ o

¥ Hemorrhage

"-_St:b:nuc osal Pigment Depositi on._4,
Nonsuppurative Rhinitis |

L;_Egreign Body

IwASAL CAVITY-LEVEL 111
Hemorrhage

o ox x XX X X X X

‘ __Submucosal Pigment Deposition |1 1 ——
_Nonsuppurative Rhinftis |

-"'1ASAL CAVITY-LEVEL_IV oo XX X

I Submucgsal Pigment_ Deposition Ay 1.1 2.1 1

_J Hemorrhage

r_ Suppurative Exudate

-1VER - .
[_ Foci of M Mononuclear CeIls .1 1 i
+-_Pigment Deposition . _ | = ; _ «
Bile Duct Hyperplasia
o v-10
EpL |
. Key P: Plfsef‘l N=No Section A - Au!C‘iy"-S b : ",;’ -“-:’Tal'kg:le“e e
E I Experimental Pathology Laboratores, Inc B Seare ign | = indompiete Secton o Tle 4T Medeaten Ser i
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
17 Week Sacrifice Group M
Male Rats
4 4 4 4 4 4 4 4 1\ 4
ANIO O OOOUOUOTDO OO
- '.“ a 0 00O0O0OOOTUOOUWO
vel0 00000 0 0 0O
AE|l=- = = = = =« = = = -~
tR|[1T 11 1 11 1111
4 4 4 4 4 4 4 4 4 4
0 1 2 3 45 6 7 8 9
KIDNEY - S e e ]
pigment Deposition 11111 2 1 %+ vy _ . ]
Regenerative Tubular e — ]
Epithelium 1 1 1 1.1 2 1 L ]
Casts 1 1111y 20
Foci of Mononuclear Cells 1 o oo _ o
Cyst L o e
Tubular Mineralization B L e L _—
LUNG I . S - ; _ - ___—_ﬂ
Hemorrhage R R ) B o
Pigment Deposition I L
Hyperplasia of Type II_Ee_U_s;_ L ]
Accumulations of Foamy S - - - - - —
Macrophages I _ — ]
Peribronchial Lymphoid ¢+ = . __ . .. . _ .
Wyperplasfa |1 21111111 ]
e S I _ B
- —————— —_—— - T -

R O OFR R I EE W

a2 dod

Bvss

%

o
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v-11
EPL |
Key P=Present N - N Saclion
1+ Minmal 2 - Sugnl
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HISTOPATHOLOGY INCIDENCE TABLE

RZ1-79
17 Week Sacrifice Group C
Femule Rats

—>» L -2>

DML 2
O PON I ODWOVWOW
p— H OV 1 O VW W
Lamooomw
Fc—aonmoww
pbmom\oow
D HNhI OOWOWW
O &~ )1 DWOLOW

X VPO OWVWO W
X NP ®OOW

> ns o1t ®moOwW

NASAL CAV)TY-LEVEL 1

| __Hemorrhage

Submucosal Pigment Deposition o |
Nonsuppurative Rhinitis _ ) | "

I>¢
(PO

1
f
|
i
|
|
!
!
)
AP

i~
| |
|
' |
”|

)
!
|
|
[
|
I
1

|
i
|
{
|
|

Hyperplasia of Goblet Cells I S _ B e
Cystic _Glands e S —_ e ."ﬁ
NASAL CAVITY-LEVEL Il XX X XX X X __W 123
1N J

Hemorrhage 2 NS S S

__Submucosal Pigment Deposition | ‘B
__Nonsuppurative Rhinitis R L
__Foreign Body e B

! rNASA].._(:.&!Lll’_Y_-J.E)/E!._ILL____.___.___X.,_)(__ X X _X_ X X X_X_ L o .
___Hemorrhage .2 SO 4
. Submucosal Pigment Deposition_

_ Nonsuppurative Rhinitis | .~~~
N S O
" |NASAL CAVITY-LEVEL Iy XOX_ X X X X X X X X_ __
| __Submucosal Pigment_Deposition | _ .
__Hemorrhage I Lo _
i __Suppurative Exudate _ _ __ B . &

T S et e s e - = e . - - - - - e - —

BN [

LIVER , EX X XXX X g
| __Foci of MononuclearCelnls | 1 1 1 _

Pigment Deposition 1 e e
Bile Duct Hyperplasia 1

¢ -

V-12
EPL J
Koy P=Present N=NO Section A= Ayldyss A= N Re-\augae
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+RZ-79

HISTOPATHOLOGY INCIDENCE TABLE

5217 Week Sacrifice Group C
““Female Rats
q 3333333333 !
ANi9g 9 999999 99 |
& : Nyl9 99999939939 .
he wmp|8 8 8 8 888 8 8 8
AE|l= = = = = = = - - -
' LAR|{6 6 6 6 6 6 6 6 6 6
= 4 4 4 4 4 4 4 4 4 4
g 0123456183
_-!.KIDNEY e L
"._pigment Deposition 11131111111 —
I___R_ege_ne_r_ative Tubylar ] s ) o |
Epithelium _ e _ ]
rL(‘,asts e _ c ]

__Foci of Mononuclear Cells 1 ]
.T Cyst _ s i
e Tubular Mineralization 1 2 2 211 2 2 3.3 L o
i - o
{LUNG _____ R L ]
.__ljgmorrhage N ) ) ) o
Pigment Deposition o o ) __]
1}j_jxperp'las1a of Type 11 Cells | . . )
‘ Accumulations of Fopamy o ) -
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. - LOVELACE INHALATION TOXICOLOGY RESEARCH INSTITUTE

- 90 DAY REPEATED INHALATION EXPOSURES OF RATS TO
| SOLVENT YELLOW-GREEN DYE MIXTURE

- PATHOLOGY SUMMARY

A histopathologic evaluation of selected tissues from male and
- female rats exposed to Solvent Yellow-Green Dye Mixture wéslconducted to
provide infon.ation on the inhalation toxicity of dyes present in
i ES colored smoke munitions. The experimental design for this study was as
: follows:
Number of Animals

- Dose* 90 D 30 D
| B b Hee o

Group Treatment {mg/m3) §;pri Al R;COYE%X

Controls 0 10 10 10 9*
Low Exposure Concentration 1 10 10 10 10
Medium Fxposure Concentration 10 10 10 10 10
High Exposure Concentration 100 10 10 10 10

oOZXr

*Rats were exposed six hours/day, five days/week for thirteen weeks.
**One animal escaped.
! . According to protocol, routine hematoxylin and eosin stained
f - slides from the following tissues were prepared for all animals: skin,
tracheobronchial 1ymph node, popliteal lymph node, spleen, femur,
I larynx, nasal cavity (four levels), trachea, lung (four lobes), heart,
| stomach, duodenum, cecum, colon, liver, pancreas, kidneys, urinary
bladder, epididymis, testis, prostate, uterus, ovary, adrenal, thyroid,
brain, pftuftary, eyes, and any gross lesions. Microscopic evaluation

;} was performed on ali of the 1is‘ed tissues from the control and high
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- dose groups. Tissues from the lower levels were evaluated to determine

EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

a no-effect level for each tissue having a treatment-related effect.
In general, the tissues called for to be examined by protocol
are represented in the Histopathology Incidence Tables. Only a few

tissues were inadvertently missed at the time of necropsy or lost during

histologic processing. In some instances, the posterior portion of the

nasal cavity had been damaged and complete sections of four levels of

the nasal cavity could not be obtained. ‘
Microscopic findings for each tissue eramined from each animal

are listed in the Histopathology Incidence Tables. A1l lesions are

summarized by treatment groups in the Summary Incidence Tables together

with the total number of animals in each group for which the tissues

were examined. A tabulation of gross lesfons observed at the time of

necropsy with the corresponding microscopic change, if appropriate, is

given in the Correlation of Gross and Microscopic Findings Tables. The

descriptions of gross findings on these tables were transcribed from the

Individual Animal Necropsy Sheets prepared at the time the necropsies

were performed.

RESULTS

Ninety-Day Exposure

Inhalation of Solvent Yellow-Green Dye Mixture at 100 mg/m3
six hours/day, five days/week for thirteen weeks resulted in changes in
the lungs, nasal cavity, tracheobronchial lymph node, kidneys, and

Yiver. In the lungs. slight to moderate accumulations of foamy
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. appearing alveolar macrophages containing minimal to slight amounts of

K

pigment were noted in the alveoli adjacent to the respiratory
bronchioles in all high dose rats. These accumulations of alveolar
macrophages were accompanied by slight to moderate hyperplasia of Type
11 cells (granular pneumocytes). In the nasal cavity, submucosal
pigment deposition was noted at most levels in nearly all high dose
rats. The pigment deposition was heaviest at Level 11! and Level 1V.
In the tracheobronchial lymph ﬁode, hyperplasia of foamy macrophages

(reticuloendothelial cells) with minimal pigment deposition and slight

to moderately severe lymphoid hyperplasia were present. 1In the kidneys,

an fncrease in granular pigment present in the cortical tubules was
noted in ail high dose rats. In the liver, minimal granules of pigment
were noted 1n the bile duct epithelium or hepatocytes adjacent to the
bile ducts in al1 high dose rats.

In the rats exposed to Solvent Yellow-Green Dye Mixture at

10 mg/m3. only lung, nasal cavity, tracheobronchial 1ymph node,

liver, and kidneys were examined., Minimal lung lesions similar to those

noted in the high dose rats occurred in three males and three females.
The lesions were single lesions and tended to be at the margins of the
lung lobes. In the nasal cavity, minimal submucosal pigment was noted
at Level 111 in one male and four females, and at Level 1V in two
females. In tracheobronchial lymph nodes, hyperplasia of foamy
macrophages with minimal pigment deposition was noted in two males and

two females. Lymphoid hyperplasia was noted in an additional male.
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Pigment deposition in the kidneys was romparable to the controls. In
the liver, minimal granules of pigment were noted in two females.

In the rats exposed to Solvent Yellow-Green Dye Mixture at
1 mg/m3. the lung and nasal cavity were examined from both sexes; the
liver was also examined trom the females. No compound-related histo-

morphologic alterations were noted in any of these tissues.

Thirty-Day Recovery

Inhalation of Solvent Yellow-Green Dye Mixture at 100 mg/m3 for
ninety days followed by a thirty-day recovery period resulted in lung
lesfons similar to those noted after ninety days, but marginally less
severe. Additionally, in the lungs, a few of the foamy macrophages con-
taining pigment were present in the peribronchial lymphoid cuffs, a
feature not present after ninety days exposure. 1In the nasal cavity,
submucosal pigment deposition was present at most levels in nearly all
high dose rats, but appeared to be slightly less severe than was noted
after ninety days. In the tracheobronchial lymph nodes, hyperplasfa of
foamy macrophages containing a minimal amount of pigment was slightly
more severe than was noted after ninety days exposure. Lymphoid
hyperplasia was essentially comparable. In the kidney tubules, the
{ncreased tubular pigment was less severe than was noted after ninety
days. In the liver, pigment deposition in the bile duct epithelium was
comparable to that noted after nirety days exposure.

In the rats exposed to Solvent Yellow-Green Dye Mixture at

10 mg/m3 for ninety days followed by a thirty-day recovery period, only

-4-
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© lung, nasal cavity, tracheobronchial lymph node, 1iver and kidneys were
examined. Lesions similar to those noted at this level after ninety

days exposure were present. Minimal lung lesions were noted in two rats

8 B3 SR

of each sex and submucosal pigment deposition was noted in the nasal

P i

[

cavity of singie rats of each sex at Level II, six males and five
females at Level III, and two males and six females at Level IV. In -
the tracheobronchial lymph node, of one male, lymphoid hyperplasia was :
present, but hyperplasia of foamy macrophages was nct present in any of
the lymph nodes examined. Pigment deposition in the kidneys was
comparable to the controls and no pigment deposition was noted in the e
1iver.

No compound-related histomorphologic alterations were noted in
the lung and nasal cavity of rats exposed to 1 mg/m3 for ninety days
followed by a thirty-day recovery period.

Spontaneous disease lesions and incidental findings occurred in
rats in both control and treated groups at both sacrifice intervals.
These lesions were distributed with approximately equal frequency in

test and control rats.

CONCLUSIONS

Exposure of rats to Solvent Yeilow-Green Dye Mixture at
100 mg/m3 for six hours/day, five days/week for thirteen weeks resulted
in accumulations of foamy alveolar macrophages containing minimal
amounts of pigment in the lungs. These accumulations were accompanied ii

by hyperplasia of Type 11 pneumocytes. Similarly, foamy macrophages

-5-
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K

:? * with pigment had accumulated in the tracheobronchial 1ymph nodes.

" Pigment deposition was noted in the nasal cavity, liver, and kidney.

:: After a thirty-day recovery period these lesions were decreased in
severity with the exception of foamy macrophages in the tracheobronchial
lymph nodes which were slightly increased.

Exposure of rats to Solvent Yellow-Green Dye Mixture at
10 mg/m3 resulted in only minimal lesions in the lungs and tracheobron-
h chial lymph nodes of a few rats and pigment deposition in the nasal

cavity to a much lesser degree than was noted at the high dose exposure.
b After a thirty-day recovery period, these minimal lesions were
essentially unchanged.
Exposure of rats to Solvent Yellow-Green Dye Mixture at } mg/m3

- did not result in any compound-related histomorphologic changes in the

tissues examined.
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QUALITY ASSURANCE
REPORT CERTIFICATION

Lovelace Inhalation
Client Name Toxicology Research Institute Client Study No. RZ2-75

.
Study Director Dr, Larry Ackerman Pathologist Dr. Deborah Banas
90 Day Repeated Inhalation Exposures of Rats to Solvent S
Study Title VYellow-Green Dye Mixture ~
| Test Article Solvent Yellow-Green Dye Species Rats .;
i A1l parts of the pathology phase of this study, including the final report, "
were reviewed by Experimental Pathology Laboratories Quality Assurance Unit T
N on April 10, 1685 through August 13, 1985 . A1l findings were reported
i to the Study Director and Management. -
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SUMMARY INCIDENCE TABLE

£
R2-75 @
b

90 Day Sacrifice

WEC S RSSO AT .,

Male Rats
- } Group . Group ; Group i Group | .
L . 0 M : N : ;::
LUNG (NO. EXAMINED) . (100 (10) (10) ~  (10) =
- Accumulations of Foamy ' : ' ' N
g Macrophages © 10 2 n!
~ | Hyperplasia of Type II Cells 10 ~
s Pigment Deposition 10 ' 3 : &
l Adhesion : , N -
Hemorrhage 2
Ei'- Peribronchial Lymphoid ‘ )
o Hyperplasia 10 10 8 10 i
E - &
L. |NASAL CAVITY-LEVEL I - L "
. [(ND. EXAMINED) (10) (10) (10) (10) 0
E': Hemorrhage 3 1 1 - N
. Submucosal Pigment Deposition 8 ] R
!?ﬁ_ Congestion - R
E Serous Exudate T ) T
N Foreign Material - A 1
Nonsuppurative Rhinitis - ____— 1 B ——,1 [ ]
Cystic Glands _::. - ' 1 _ - ]
INASAL CAVITY-LEVEL 11 L o N
(NO. EXAMINED) RTE T U ST S - R
Hemorrhage : 2 1 : 3
Submucosal Pigment Deposition o 1—0——_——_“" S
Inflammation of Nasolacrimal B R - — -
Duct '. . e
—— — - i
Foreign Body ! ! 1 | o |
Focal Squamous Metaplasia ' ‘5;7-_1__1___-—' L [ o ]
Focal Inflammation | 1 _~_ . 7 i SR I
Congestion l : ' 5 (]
1-1
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SUMMARY INCIDENCE TABLE

s
[N
RZ-75
Day Sacrifice
%e Rats
‘C;g - T Group i Group ., Group 1 Group
~ I L i 0 ! M : N
iSAL CAVITY-LEVEL 11 (CONTINUED) ! ; |
-Serous Exudate : ! !
Nonsuppurative Rhinitis | ! ' 1
Hf_:':ystic Glands f 1 i
- N "SAL CAVITY-LEVEL III
- [(NO. EXAMINED) (10) (8) (9) (@)
-‘Hemorrhage ! 1 1 !
_;'-Submucosﬂ pigment Deposition 8 1
-Serous Exudate o
N_I_RSAL CAVITY-LEVEL 1V
@O- EXRMINED) (100 10 (9) (8)
Hemorrhage 1 o 1
~'Submucosal Pigment Depos%tion __________ 10 L
| “Serous Exudate - L
[ o — —_ - ]
L+MPH NODE, TRACHEOBRONCHIAL L o B
(0. EXAMINED) a0 (9) (100 ]
M-Z:Hyperplasia of Foamy T L - T ___—_j‘____-_ B
, Macrophages . B o _‘-9 B 2 ) . ‘_____
- ~Lymphoid Hyperplasia 10 i ) 1 L ]
i Pigment Deposition 10 - 2 o o
T-Hemorrhage ___"l o __- i _; ) ___5____“_*_“ B ]
e - - e
_[j-'.DNEY (NO. EXAMINED) (10)__.__ _(}0) B (10) o ]
- Regenerative Tubular - o - L o
[ Epithelium 5 6 6 o
{:Casts 3 1 ]
L Cortical Infarct } 1
1-2
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SUMMARY INCIDENCE TABLE
RZ-75
90 Day Sacrifice
Male Rats
- © Group , Group . Group ~Group
L ; 0 M N
KIDNEY (CONTINUED)
Foci of Mononuclear Cells : - 3 ' 1
Pigment Deposition f_;_hlg 10 L 10
LIVER (NO. EXAMINED) (19) (100 (10) -
Bile Duct Hyperplasia 1
Foci of Mononuclear Cells 2 . 3 2
Cholangiofibrosis 1 _
i Pigment Deposition 1w L _ i
BRAIN (ND. EXAMINED) a0 (o -
PITUITARY (NO. EXAMINED) (100 () ]
AORERAL (ND. EXAUINED) w e T
hemorrhage 1
vacuolated Cortical Cells . <}_ . L o
EYE (NO. EXAMINED) . o
Corneal Subepithelial ) B B
Basophilia i o ‘______1_*“__ S o
[ THYROID (NO. EXAMINED) O
LARYNX (NO. EXEMINED) O
Foci of Mononuclear Cells L ; 2 o -
| | T T T o
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SUMMARY INCIDENCE TABLE

“Rz-75
Q90 Day Sacrifice
'a]e Rats

I Group | Group : Group  Group I
L | o i M i N |

TRACHEA (NO. EXAMINED) L1001 (10) Z i
". Hemorrhage R i :

T

r

T

<VEART (NO. EXAMINED) (10 . (10)
L Nonsuppurative Myocarditis 8 3
fjf Pigment Deposition ! |

|
"ZPLEEN (ND. EXAMINED) (10) (10)

F

[PANCREAS (NO. EXAMINED) ~(10) (10)

|LYMPH NODE, POPLITEAL . ] . ___;
."No. EXAMINED) (7) N o
“STOMACH (NO. EXAMINED) 10y  ao) o
- — ]
1 ]
EPUODENUM (NO. EXAMINED) a0 e
e , o e ]
lrECUM (NO. EXAMINED) (o) (o) o R
- Nematodiasis | R 4 S ___J
JOLON (NO. EXAMINED) S S )
Nematodiasis ) i N 3__ ) ) B S ]
13KIN (NO. EXAMINED) o ey ey
| o aey oooney oo oo _
CCESTIS (NO. EXAMINED) . (10) o) ]
|u Atrophy ) _}__ “___h_}"____h__ o e ]
1-4
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SUMMARY INCIDENCE TABLE

RZ-75
90 Day Sacrifice
Male Rats

Group Group . Group - Group
L 0 ' M N ;
EPIDIDYMIS (NO. EXAMINED) (10) (10)
Spermatic Granuloma 1
Aspermia 1 1 - _ :—__
PROSTATE (NO. EXAMINED) Can |
Nonsuppurative Prostatitis 1 e .
URINARY BLADDER (NO. EXAMINED) (100 (1)
[FEMUR (NO. EXAMINED) R O
ADIPOSE TISSUE (NO. EXAMNED) (1 ]
STERNUM (NO. EXMMINED) (v -
. S
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k SUMMARY INCIDENCE TABLE
N,
R
2-75
00 Day Sacrifice
.male Rats
':f | Group | Group [ Group Group
. L] 0 I M N
NG (NO. EXAMINED) (100 ! (1) ¢ (10) | (10) |
"> Accumulations of Foamy ! : } | !
Macrophages i ' 10 E 3 Iz : 1
F:',:‘Hyperphsia of Type Il Cells ! ; 10 . | 1
Pigment Deposition : I 10 : i 3 i
- Adhesion : 1 ! -
B Hemorrhage I
- Peribronchial Lymphoid |
& Hyperplasia 8 10 6 7
[\SAL CAVITY-LEVEL 1
(N0 EXAMINED) (9)  (10) (10) -~ (10)
L. Hemorrhage : -
Submucosa) Pigment Deposition 4
L Congestion I_T—___—_ _____ |
" Serous Exudate 1
P Foreign Material i __— 1 ]
< Nonsuppurative Rhinitis o ]
.. Cystic Glands e ]
[NASAL CAVITY-LEVEL 11 o N ]
NO. EXAMINED) (9) (10) 8)  (9) ]
Hemorrhage S - 1
< Submucosal Pigment Deposition T S
““Inflammation of Nasolacrimal T
- Duct Ty 2 S i
" Foreign Body .— T E o o
. Focal Squamous Metaplasia | o o X ) j
~ Focal Inflarmation o _._‘-ﬁ._ - | o ]
~_Congestion : ) i : i 2
1-6 -
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SUMMARY INCIDENCE TABLE
B
RZ-75
90 Day Sacrifice E
 Female Rats
Group Group  Group Group ﬁ
L [ 0 M N !

_ NASAL CAVITY-LEVEL 11 (CONTINUED) s
Serous Exudate D ~
Nonsuppurative Rhinitis »
Cystic Glands B U

E“
| NASAL CAVITY-LEVEL 111 -

[ (NO. EXAMINED) (9) (19) (10) (9) )
Hemorrhage L
Submucosal Pigment Deposition 10 4
Serous Exudate 1 ‘

NASAL CAVITY-LEVEL IV
(NO. EXAMINED) 9 (0 (5 (7) 8
Hemorrhage o N 1w
Submucosal Pigment Deposition 10 2 ] Iz’f
Serous Exudate 1
-
LYMPH NODE, TRACHEOBROMCHIAL h
(NO. EXAMINED) (6) _(8) (6) (8)
Hyperplasia of Foany N
Macrophages | 8 2 L =
Lymphoid Hyperplasia 1 . 8 o L
Pigment Deposition ! 8
Hemorrhage I e —___—-__- L _J
, i i
KIDNEY (NO. EXAMINED) a0 i ae) a0 1
Regenerative Tubular b i. i L |
Epithelfum | J' L | o v
Casts | I- o ! _ .
Cortical Infarct : | ' !
1-7
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SUMMARY INCIDENCE TABLE
S
RZ-75
Day Sacrifice
male Rats
e Group | Group |7roup “Group | |
L o | m N i
#-DNEY (CONTINUED) | |
"“Foct of Mononuclear Cells 1 | 2 | l .
| -Pignent Deposition 3 10 | 8 ‘ :
i | I
IJVER (NO. EXAMINED) | (10) (100 | (10) | (10) |
r\:'.lBile Duct Hyperplasia g | 1 5 1 '

Foci of Mononuclear Cells | | 5 N |
Cholangfofibrosis | | : | . '
_.Pigment Deposition ! l 10 ; 2
R | ! | i
[E<AIN (NO. EXAMINED) L9 1 (0 |
. I ;

MATUITARY (NO. EXAMINED) (8 . (10) |
47/RENAL_(NO. EXAMINED) (100 (10)

Hemorrhage : ' .
hngacuola'Ced Cortical Cells 5 ' ' !

F-'E (NO. EXAMINED) (9) ° (10) ! | L

~Corneal Subepithelial i ' ‘ : .
| — Basophilia I ! i i !

THYROID (NO. EXAMINED) I (o | (9 | | : _ 1
e I | ! I | _
| [LARYNX (NO. EXAMINED) (100 | (9 ! : ! il
. | ::Foct of Mononuclear Cells 2 | | | )
v ’ I l o
RS |
I {Ls
: : i |
; 1-8
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RZ-75
90 Day Sacrifice
Female Rats

SUMMARY INCIDENCE TABLE

- tw
Group | Group ;| Group  GLroup : i b\."
L ! 0 : M ' N
TRACHEA (NO. EXAMINED) P(10) 1 (10) | ' ™
Hemorrhage i ; ’ ' o
| : - ' {:2
HEART (NO. EXAMINED) C (100 ¢+ (10) 0
Nonsuppurative Myocarditis k 1 ' ; ! ]
Pigment Deposition ’ -
| : :
SPLEEN (NO. EXAMINED) C(10) 7 (10) | ‘__
PANCREAS (NO. EXAMINED) (100 ' (10 N
LYMPH NODE, POPLITEAL .
(NO. EXAMINED) (1 (8)
STOMACH (NO. EXAMINED) Co(10) - (10) :
—I : -
DUODENUM (NO. EXAMINED) (0 (o) ¢ ! : n
; | . ' . o
'CECUM_(NO. EXAMINED) w0 o ! ! l >
" Nematodfasis | 4 ! 1 ' l ! e
| | i | l .
COLON (NO. EXAMINED) (10) | (10) | ! | -
Nematodiasis 2 2 | I |
| ! | | e
SKIN (NO. EXAMINED) (10) (10) | | | -
! |
|
OVARY (NO. EXAMINED) (9) (10) ! ]
\
| g
1 | | '
1-9
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) S Day Sacrifice
Wnale Rats

SUMMARY INCIDENCE TABLE

%
N
‘.

Group Group Group Group
A L ' 0 M : N !

URCRUS (NO. EXAMINED) (9) (10)
| “Diratation 2 1

B [UINARY BLADDER (NO. EXAMINED) (8 (10 -
I EEZ_MUR (NO. EXAMINED) (10) (10) B
. —— — —— _
' [£7TPOSE TISSUE (NO. EXAMINED) (8)
- -— - i e
I R —

N L.-':~ o e .
: ] :
g _ _ -
‘\‘ o I o o T o ) o
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DOSE
GROUP {mg/m3) TREATHENT

0 Controls

Low Exposure Concentration

10 Medium Exposure Concentration
100 High Exposure Concentration
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
90 Day Sacrifice Group L

Male Rats E
3

[ERAR AP

Vrs 3
—-»X 2>
DM c2

v
S

PR | ‘I 'L )
A SARARN
1
i
1
t
I
|
|
i
1
|
1
I
1]

)

1

L}

WO O ™ wWw~NWw
O O 1 =W~
—_ O =W NW
N O 1 =W~ W
WO W~ W
D= O 1 =WwWwW
N O DN W
D= O~ Ww~NWwW
N O LN Ww
s O 1 = W

LUNG
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